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' Liqands for Asymmetric Reactions 
Field of the Invention 

The invention relates to a process for the manufacture of llgands capable of forming metal 
complexes and such complexes; novel ligands with new backbones, complexes thereof with 
transition metals, the use of complexes of said ligands with transition metals as catalysts, as 
well as novel intermediates for the manufacture of said ligands. The llgand complexes are 
useful in stereoselective synthesis, especially hydrogenation. of various organic molecules. 

Background of the Invention 

The backbone of a bidentate ligand can be described as a scaffold whicli places the two 
donor atoms spatially in such a way that they can coordinate efficiently to a metal. Factors 
such as electron density, provided via the backbone to the donor atoms, or the donor atom- 
metal-donor atom angle ('bite angle') exert a profound effect on the efficacy and specificity of 
the formed catalyst. Thus, a backbone carrying any combination of the donor atoms or 
moieties oxygen (hydroxy), nitrogbn (amine, amide), phosphorus, arsen or sulfur, forms a 
llgand. One backbone of particular importance is 1 which is present in the ligands of the 
DuPHOS- 2. PennPhos- 3 or BasPhos-type 4. All these ligands are synthesized from 
phosphine 5 which comprises backbone 1. 



MeO- 



OC 




MeO- 



5 Rx = P(0)(0R')2 

6 Rx = P(NR'2)2 

7 Rx = PCI2 

8 Rx = PHo 



The synthesis of precursors for backbone 1. such as 5-8. is difficult because most methods 
to form a bond between an aromatic carbon and a phosphorus atom fail once there is 
another substituent present in the ortfio-position. 
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^en reported .hat .he H,^.a,yssd Arhusov ^^n,^,^ 
phosphUe gives a yield of only 14 % for an ''^'^'^"^'^^T^Zs Chen,. Ber. 
Ldiphosphona.es exceiien. yields o, abou. 90 % have heen ^^^^^ ^ 

1875 (1981); (iii) C.E. Grifnn and W.M. DanlewsKl, J. Org. Chem. 25. 1691 (1970). 
..en«.op«sedro.ev..epho.o.,n,«a...rh„^w.^^^^ 

zene and .rimelhyl phosphi.e requires a ,«ac*on per»d of 5 ^ 
,he ln,n,ersion wei, which renders .his rou.e imprac«ca, on ,ndus.na. scale (see E.P 
al., Organometellics 2. 1 877 (1 983)). 

once .e o..o-diphoiphona.es S have heen o...»d, ^e. ^^^^^^^^^^^^ 
„,ore useful ort/,o-arvl-bis(phosph,ne) 8 Is dmicuK (see Organome«cs 2 ^ ( 
meir dir^C conversion in.o *e „*,o.a,vl-bU(dlchlo™phosphanes) 7 ,s no. poss,b1e. 

^efnclen.™u..oo^o-b,s(dia,Man>ino.phosph,nes)6wo..^^^^^ 
«ng compounds such as 6 with HCl readily gives .he denvatve 7 ,«h,ch can be r 

ced to the primary phosphines 8. 

one rou.e for prepa.ng compounds such as S involv^ ^a^on ^^^^^^ 
^ chlo,.-b,s(dln.e«,y,amino)phosphine. The major '^^^'^^^^ 
on.2^Hmercuho)-benzene which is highly to»c ^^^^^^^^""^^^ aiami^ 
CHem. M. 642 (1982)). Another attempt to prepare ^^^^L, me monosubst^ 
pbosplne borane complex with 1 ,2-diodobenzene 93- se^^ on ^ 
iodoarylphosphine In 66 % yield (see A. Longeau and P. Knochel. Te. 
6099 (1996). 

...U,lemanufac..ngprocedures.ha.al,ow.oa«ach.^^^^^^^^ 

a double bond are of value as .hey allow to increase the '^^J^^ ^ 

derived llgande. Of parOcular usefulness in the synthesis of b,dentete hgand 
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stituted. e.g. alkyl)-phosphines such as 6. because they can also readily be converted via the 
bis(dihalogenophosphine) compounds into bisphosphines, both of which are useful as inter- 
mediates for other ligands. 

A goal of the present invention is to allow for an easy and simple manufacturing process for 
many ligands. said manufacturing process being economically and technically advantage- 
ous, implying simple steps, controlled costs and industrial scale applicapility. A further goal is 
to provide novel ligands that allow to obtain stable complexes that are useful especially as 
chiral catalysts with good reactivity and allowing for reactions with high regio-, chemo- 
diastereo- and/or enantioselectivity. thus making it possible to use them e.g. for stereocon- 
trolled reactions, advantageously under mild reaction conditions while maintaining appro- 
priate reaction rates. A goal is also to establish new ligands capable of forming metal com- 
plexes that permit stereocontrolled reactions, particularly reduction (especially hydrogena- 
tion) or isomerisation reactions, and the appropriate reaction conditions that facilitate the 
production of optically active products with high diastereomeric or enantiomeric excess. 

General Descriotion of the Invention 

Advantages of the mentioned kind are established by the novel process for the manufacture 
of ligands. new intermediates for the manufacture of ligands, novel ligands, complexes the- 
reof and their use as catalysts, each of which forms an embodiment of the present invention. 

The present invention is based on the surprising finding that a N,N-(optionally substituted)- 
dialkyl-aminophosphine groups can act as a directing group for ortho-lithiation. This was 
neither described nor suggested in any prior art. A lithiated species 10 can accordingly be 
converted Into a ligand backbone in two ways: (i) reaction with another electrophile which 
contains a donor atom to give compounds of type 11; (ii) by oxidative dimerisation to give 
compounds of type 13. It is also possible to react the bis(alkylamino)phosphine 9 with sulfur 
to obtain the corresponding bis(alkylamino)phosphine 12 which can also be lithiated and 
converted into backbones in an analogous way. 
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N(Q*)2 ^ 13 



In the reaction scheme shown above, Q* is an substituted or especially unsubstituted alkyl 
rnoiety, Don is^^onor, especially S-Zi, YZ3*Z4* or theTIke and Zi*. Z2*rz7* and Z2* each 
are an organic nnoiety and/or two Z(i)[(i) = 1*, 2*. 1'*. 2*. 3* or 4*] or more (If present) together 
with the binding phosphorus atom(s) form a ring. All symbols are defined in more detail 
below (see under formulae I and 11). 

Reaction (A): Lithiation (optionally followed by transmetallation to replace Li) 
Reaction (B): Add X-Don (X = halogen), by-product is LiX. 
Reaction (C): Oxidative coupling. 

Surprisingly, the compounds symbolized by 11 are stabe against bases, such as lithium 
organic compounds or Grignard reagents, and instead of decomposition of the N,N-(op- 
tionally substituted) dialkyl-aminophosphine groups ortho-lithiation/metallation takes place. 
This reaction works especially well for the production of the novel ligands that form an em- 
bodiment of the invention. 

Detailed Description of the Invention 

The invention especially relates to a process for the manufacture of compounds of the 
formulae lA or 1 1 A, 
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Y • and Y.' are. independent o, each Char, an e,en,en, of me f,* flroup oHhe 
IlrtUbl f e,en«n« as such or « *ioxo or oxo .on., espeCaUy ^ 
r« preferawy P(=0,, preferatly P(=S, or espaCaUy P. w,m .He pro,.so ^^^^"^^ 
Y,- IS P(=0). preferably P(=S) or more preferably phospl^nis (P), and ,n foanula IIA Y. and 
Y •* are P(=0). preferably P(=S) or more preferably P; 

Z . Z Vi' zr and are. independency of each o«.er, halogen (especially .me 
^Je^o,-pt« or any o.anic residue capable of b,nd,n,.o an elen^r^of^^^ 

group of me peHodlctable of elemenls, preferably phosphorus, ^'^,1^'^ 
I in mioxo or oxo fomi, preferably an unsubstituted or substituted mo,e.y selected from me 
rupZl-^ar,,hete.cy..,cycloaiM,a^-.o.eralK,,he.ero<.^^ 
oyoK^IM-lo-r alM, alky., aryloxy, heterocydyloxy, cyCoalkyloxy. ary^lower alkoxy, 
teterocydyl-lower alkoxy, cyctoalkyl-lower alkoxy and alkoxy. .N(Q). «he«,n Q .s 
TuhsLL or substituted alky, or wherein N(Q). fonrts an unsubs«tuted or substtuted 
heterocycle optionally containing furmer heteroatonns; or hydrogen; 

or one or a„ of me pal. (i) Z,- and Z.', (il) Z,- and Z.'. and (iii) Z,- and Z.- fom. bridges, 
preferably of any one of me fomiuiae (A), (B), (C), (D), (E) and (F) 
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(A)n 



(A) 



(A)„ 



(B) 




(A), 



(C) 



/ 



\ F 



(D) 



(A)c 




/ 5 



-N 



R5 



(E) 



(F) 



wherein 

m is 1 to 5, preferably 1 to 4, more preferably 2 or 3; 

n is 1 to 6 (as chemically possible), preferably 1 or 2, or 6; 

q is 0 to 6, preferably 0 or 1 ; 

A is a substltuent. where the substltuent or substituents A preferably are Independently un- 
substituted or substituted moieties selected from the group consisting of alkyl. aryl, lower 
alkoxy or di-(lower alkyl)-amino. and/or two moieties A together form a methylendloxy or a 
Ca-Cr-alkylene bridge that are unsubstltuted or preferably substituted (especially by lower 
alkyl); or pairs of substituents A together with the binding carbon atoms form an 
unsubstltuted or substituted annelated ring; or in formula (B). if m Is 2 to 5, pairs of 
substituents A together with the binding carbon atoms fomi an unsubstltuted or substituted 
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anneteted rtng; or in fomuila (C). pairs ot s.—ts A toaett«r wi* binding carbon 
a^ms form an unsubsliftited or substituted annelated ring; 
X4 is, independently of each other, O or NRi and 

1^ is independently hyd,^ or an unsubstituted or substituted moiety selected fron. *e 
graup <»nsistlng of alkyl. arV. cydoalkyl, heterocydyl. aryMower alkyl. cycloalkyl-lower alkyl 
heterocydyl-lower alkyl. SOJ^, SCR, SOaNR, C(=0)R, C(=0)OR and C(=0)NR; 
while the residues f«>m Z.-, Z,-, Z.-, Z.-, Z,> and Z,». as far as tt«y a,e not involved ,n 
bridge formation, are as defined above; ^ v .* =.nH 

or (less preferably) one or all of the pairs (1) U and Z3*. («) Z.* and Z.*. (...) Z. and Z. and 
(iv) Za* and Za'* fom. bridges, preferably of any one of the formulae (A). (B). (C). (D). (E) and 
(F) as defined above, 

*_-7*-7*-7*7* 7/* and Z^'*. as far as they are not 
while the remaining residues from Zi*. Z2 . Z3 . Z* . z:i ana /lz . 

involved in bridge formation, are as defined above; 
Xi is NR. O or S; 
X2 is CHRi or CRi; 

XaisCHR^orNRaOr. rfXa isCRi.XaisCRaorN; . h ♦ v * X is NR O 

or additionally, for compounds of formula HA for the ring system attached to Y, . X3 NR, 
or S and X, is CHR2 or NR2 or. if X2 is CRi. Xi Is CR2 or N; 

R, R. and R. independency of each other, are hydrogen or an unsubstituted or subs^^d 
moiety selected from the group consisting of alkyU aryl. cydoalkyl. heterocyclyl. aryl-lower 
alkyl. cycloalkyl-lower alkyl and heterocyclyl-lower alkyl or 

R, and Ra together fom. an annealed unsubstituted or substituted mono-, bi- or polycycl.c 

charI^^^edinthat.forthemanufactureofa^^^^^ acompoundof 
the formula IIIA. 

(IIIA) 

wherein the moieties have the meanings given above under fom,ulae lA and llA, is reacted 
with an organolithium compound to the correspondlr,g orthoJithiated derivative of the 
fonmula IVA, 
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Y/— N(Q)2 



(IVA) 



Wherein M is lithium (Li) (or. less preferably, a different metal as defined betow after ^ns- 
metallation), and the other moieties are as defined for compounds of the fom^ulae IIIA; .f 
desired trans-metallating the compounds with iVle = Li into other metallates wherein M .s a 
different metal or metal halide. e.g. wherein M is Cu. MgHal or ZnHal wherein Hal = chloro. 
bromo or iodo; 

and then ^ 

(a)-for the preparation of compounds of the formulae lA a compound of the formula 

IVA. as defined above, especially with M = Li. is reacted with a compound of the 



formula V, 



L-Y2*(Z3*)(Z4*) 



wherein Y.*. Z3* and Z.* have the meanings of the corresponding moieties in fomnula 
lA. preferably being P(=0). preferably P(=S) or more preferably P and Zs* and Z4 
being N(Q)2 wherein Q is substituted or preferably unsubstltuted alkyl; and L is a 
leaving group, especially halogen; to the corresponding compound of fomnula lA*. 



Y*— I 



(b) 
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wherein the moieties have the meanings given for compounds of the formula lA, ^ 
preferably Y,* being P(=0). preferably P(=S) or most preferably P. and Zs* and Z. are 
N(Q)^ wherein Q is substituted or preferably unsubstituted alkyi; which compounds fall 
under the definition of formula lA; and. if desired, a resulting compound of the formula 
,A is converted into a different compound of formula lA, and/or a mixture of isomers of 
a compound of the formula lA is separated Into the individual isomers; or 

for the preparation of a compound of the formula IIA. a compound of thejomnula IVA 
is oxidativety dimerized to a conresponding compound of the formula IIA*. 




(Q)2N Y,'* 



v^herein and Yr. independently of each other, are P(=0), preferably P(-S) or 
more preferably P. Q. X. X^ and X3 have the meanings given for compounds of the 
fom^ula IIA; which compound falls under the definition of formula llA; and. if des.red. a 
resulting compound of the fomiula UA is converted into a different compound of 
formula IIA. and/or a mixture of isomers of a compound of the fomiula IIA is separated 
into the individual isomers; or 

(c) for the preparation of a compound of the formula llA. where X3 is NR. O or S and X, is 
CHR.orNR.or.ifX.isCR..X,isCRaorNfortheringsystemattachedtoY, ;atwo- 

step protocol involving a Suzuki or Negishi type coupling is used where half a mole of 
a corr^pound of the fomiula IVA is transformed to a compound of the fomiula IVA 
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(IVA*) 



Where is I or Br for a Negishi type coupUng or is B(R3)a. where R3 is alkyl or 
nreferably OH. for a Suzuki type coupling; 

In reaced ha,, a n.o,e o, compound ,VA me ccespon^tng 
Of Lnula ..A-; which compound falls under *a deflnlBon of formute »A-, and, des,- 
°IlTre.u.«ng con,pound o, me forn.u,a UA is convened info a different conpound of 
ZZZ. aLor a mMu. of isomers of a compound of .he formula liA is separated 
into the individual isonners. 

„ none of .he pairs 0) Z. and Z.-. ,„) Z.- and Z.- or <„0 zr ^"^-'"^^^l TT^^T^ 
moleues in eimer of tt,e pairs (i) Z,- and Z.-. (ii) Z,- and Z.- or («.) Z. a,^ Z. . or ail of » 
pairs, are preferat^ly iden.ical. but tt,e pairs can be differen. from each omer. 

,f none of .he pairs (i) Z, and Z,. 00 Z, and Z.'. (i«) Z, and Z/' or and ^n.s a 

bridge .hen .he moie.,es in either of the pairs (i) Z,- and Z,*. 00 Z,' and Z. or W Z, and 
^ o, ll, Of these pairs, are preferably identical, but the pairs can be different from each 

other. 

For compounds of formula IIA, preferably. 

y X, and X3 have the same meaning in both ring systems or ^ ^ ^ 

: xi'ln th: ng system attached to V.- has the meaning of X. In *e Hng system at^^ed 
' ^ and X. has the same meaning in both Hng sy^ems and X, in Ihe^nng system 

attached to Y,- has the meaning of X, in the ring system attached *3 Y, . 
The Clnts R. ... and may be chosen ,ndependen«y for bo«, ^ - 
preferably *e same In both ring systems following the preferred defimt^n of X., X. and X3. 

Parttculahy prefen^d is a process for the manufacture of any one of tt.e follo^ng 
compounds that fall under fomiula lA: 




where 

t is 0 to 4 (as chemically possible), preferably 0 or1 . 
q is 0 to 6, preferably 0 or 1; 

T, independently of each other, is alkyi, especially lower alkyi; 

Re, independently of each other, is lower alkoxy, lower alkoxyalkyi or hydrogen; 
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A^;s.wera.Kv,.orOftec,ua.or.oret.an2)^ 
an anhelated benzo ring; 

and Hal is halogen, especially chloro; substttuents are used. 

Characterized in that starting materials having the con^sponding substrtuen 

The ,nven«on also relates to novel inten^dlates. especially of the formulae I.IA. but also o, 
the formula JVA as defined above. 

.ovel llganas and intermediates according to the invention preferably have «,e fo^ng 
formulae (I) or (II). 

-Yi 




wherein . qroup of the periodic 

Y„ Y. and Y.' are, independency of each other, an ^^^^,J^ ^, ^ 
.able o, elements as such or ,nthio» or in oxoform^^a^SbP^ V^ 

preferably P(=0) or especially P(=S) or more espec«lly P^v* he pr 

Y lsP(=0) preferably P(=SO) or more preferably phosphoms(P). and into 

y',' are P(=0), preferably P(=S) or more P^f-^^^^ ^ ,^ ,„ ^ 

Z,. Z. Z3, Z. Z. and Z, are. indepanden«y of J^^^^^^^ element of the 

where bound to phosphoms) or any organic residue capable of g 
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fifth group of the periodic table of elements as such or in thioxo or oxo fomr\, especially phos- 
phorus, arsene or antimony, preferably an unsubstituted or substituted moiety selected from 
the group consisting of aryl, heterocyclyl, cycloall^yl, aryl-lower alkyi, heterocyclyl-lower alkyl, 
cycloalkyl-lower alkyI, alkyI, aryloxy, heterocyclyloxy, cycloalkoxy, aryl-lower alkoxy, 
heterocyclyl-lower alkoxy, cycloalkyl-lower alkoxy and alkoxy; -N(Q)2 wherein Q is 
unsubstituted or substituted alkyI; or -N(Q)2 wherein Q is unsubstituted or substituted alkyI or 
wherein N(Q)2 forms an unsubstituted or substituted heterocycle optionally containing further 
heteroatoms; or hydrogen; 

or one or all of the pairs (i) Z^ and Z2, (ii) Z3 and Z4, and (iii) Zi' and Z2' form bridges, prefer- 
ably of any one of the formulae (A), (B), (C), (D), (E) and (F) 




(A) (B) (C) (D) 



(A), 




wherein 

m is 1 to 5, preferably 1 to 4, more preferably 2 or 3; 
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n- is 1 to 6 (as chemically possible), preferably 1 or 2. or 6; 

subs«u.ed or — ed .o.e«es se,ecU«. Uo. me group s 
alKoxy or dKlo«er alky1)-amIno. and/or two moiettes A togemer form a ^^i^^"""'^ 
tZaVne trKige mat are un.ubs«.u,ed or p«ferab.y substituted (espec* by lower 
alkviy or pairs of substltuents A togemer «ith the bir,dlng carbon atoms form an 
rbst.ldorsubs«tutedan„e,atedrin.orinfor.uMB,ifm^^^^^^^^^ 

substltuents A together with the binding carbon atoms form an unsubstituted or 

ann^la ^g^ or in formula (C, pairs of substltuents A together with the b.nd.ng carbon 

atoms form an unsubstituted or substituted annelated nng; 

Y indeoendently of each other, O or NRs; and 

^:\:drndent;Mrc.enor».unsubs«utedor pouted m^^^^^^^^^ 

group consisting of alkyl. aryl, cydoalKyt. t«terocyclyl. -^W™^' 
:eteUMo„era,M.SO^.sp.,SO^.O^^^^^^^ 

rirarrrabt^Ta^ittri^^^^ 

""'subsmuted arV. Hnear. benched or cyCic a,M X .be HeterocyCe attached to V, .s 
the same as the heterocycle attached to Y,'; 

or<.sspre,e.b,y,o„eoraiiofthepairs<i,Z,anaZ3,<ii,Zand^^^ 

and Z,' form bridges, preferably of any one of the formulae (A). (B), (C), (D). (E) 

defined above. =„h 7 • as far as they are not Involved In bridge 

while the residues from Z„ Z„ Z,. Z., Z, and Z2 , as far as tney , are other 

fon,««on. are as defined above; and with the proviso that in fom,ula .1. Z. ^J^^ 
iTaryl. subs^tuted aryl. linear, branched or cyclic alKyl if the heterocycle attached to Y, 
the same as the heterocycle attached to Yi'; 
Xi is NR. O or S; 
X2 is CHRi or CRi; 

XaisCHRzorNRaor.lfXzisCRi.XaisCR^orN; X,isNRO 
or additionally, for compounds of fom^ute UAfor the ring system attached to Y. X3 NR. 
or S and Xi is CHR2 or NR2 or. If X2 is CRi, X^ is CR2 or N; 
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R, Ri and R2, Independently of each other, are hydrogen or an unsubstituted or substituted 
moiety selected from the group consisting of alkyl, aryl, cycloalkyi, heterocyclyl. aryl-lower 
alkyi, cycloalkyl-lower alkyl and heterocyclyl-lower alkyl or 

Ri and R2 together form an annealed unsubstituted or substituted mono-, bi- or polycydic 
ring system; 

whereby the compounds of formulae I or II (ligands) are achiral or preferably chiral (and then 
preferably substantially enantiomerically pure, meaning preferably an ee of 95 % or more, 
' preferably 98 % or more). 

If none of the pairs (i) Z^ and Z2, (ii) Z3 and Z4 or (iii) Zi' and Z2 forms a bridge, then the 
moieties in either of the pairs (i) Zi and Z2, (il) Z3 and Z4 or (iii) Zi' and Z2 , or all of these 
pairs, are preferably identical, but the pairs can be different from each other. 

If none of the pairs (i) Zi and Z3, (ii) Z2 and Z4. (iii) Zi and Zi' or (iv) Z2 and Z2 fomis a bridge, 
then the moieties in either of the pairs (i) Zi and Z2, (ii) Z3 and Z4 or (iii) Z^ and Z2 , or ail of 
these pairs , are prefera bly identical, Jbut the pairs can be different from each other. 

For compounds of formula II, preferably, 

(c) Xi, X2 and X3 have the same meaning in both ring systems or 

(d) Xi in the ring system attached to Yi has the meaning of X3 in the ring system attached to 
Yi' and X2 has the same meaning in both ring systems and X3 in the ring system 
attached to Yi has the meaning of Xi in the ring system attached to Y/. 

The substituents R, Ri and R2 may be chosen independently for both ring systems but are 
preferably the same in both ring systems following the preferred definition of Xi, X2 and X3. 

Particularly preferred are the following compounds that fall under formula I: 
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0_R, 




where 



t is 0 to 4 (as chemically possible), preferably 0 or1 . 
q is 0 to 6, preferably 0 or 1 ; 

T independently of each other, is alkyl. especially lower alkyi; 

Re. independently of each other, is lower alkoxy. lower alkoxyalkyl or hydrogen. 
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• A* is lower alkyi, or (if t equal or more than 2) two A* together with the binding carbons form 

• an jannelated benzo ring; 

and Hal is halogen, especially chloro. 

The invention also relates to complexes comprising ligands of formula I or II together with 
transition metals; where in addition free ligand positions may in addition be occupied by 
other ligands and, depending on the charge of the resulting complex, counter-ions can be 
present. 

The Invention also relates to the use of the complexes mentioned in the last paragraph as 
catalysts for organic synthesis, especially for asymmetrical catalysis, such as diastereo- 
and/or enantioselective reduction reactions, especially asymmetrical hydrogenation (for re- 
view see: Burk et al.. Pure Appl. Chem. 68, 37-44 (1996); and Burk, Acc. Chem. Res. 33, 
363-372 (2000)), e.g. diastero- and enantioselective hydrogenation of carbonyl groups (for 
the production of chiral alcohols, see Burk et al., J. Am. Chem. Soc. 117 , 4423 (1995), of 
enamides for the synthesis of amino acids (see Burk et al., J. Am. Chem. Soc. 115 . 10125 
(1993)),^f enamines ; asymmetric isomerisation reactions, e.g. double bond isomerization 
reactions such as enantioselective hydrogen shifts in prochiral allylic systems; hydrogenation 
of enol acylates; or hydroformylation, hydroboration, hydrosilylation or hydrocyanation reac- 
tions, as well as other reactions of carbon-carbon bond formation. 

The improvement of the organic reactions lies in the use of the complexes according to the 
invention which especially results in a high level of regioselective or especially enantioselec- 
tive and stereochemical control in the catalyzed hydrogenation of unsaturated substrates. 

Suitable substrates for hydrogenation are, as non-limiting examples, a--eneamides (especi- 
ally acetamidoacrylates), enol acylates (especially acetates) such as 1 -acetoxy-(substituted 
aryl)ethylenes, itaconate esters, ketones, olefins, imines, enol carbamates, a,p-unsaturated 
carboxylic acids, and the like. Hydrogenation can be carried out in a batch on in a continous 
manner. Hydrogen uptake is usually monitored, and reaction completion may be monitored 
by standard techniques, e.g. by gas chromatography or nuclear magnetic resonance or the 
like. 
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\^ o^e^ise tnaioated, *e genera, terms arKi nan.es used In me 
sen.,,,ven.npre,e...have..,o,^n.n«an^^(w.^^^^^^^^^ 
each case separately, or In combination, may be used to replace mor g 
der to define more preferred embodiments of the Invention): 

The tern, lower defines a moiety wHh up to and Induding maximally 7, especiaiV up to and 
ZZ maximally 4. oar^n atoms, said moiety being branched ^' ^^^'^^^^ 
alM, for example. Is methyl, ethyl, n-propyl. secpropyl. n-but>.. .s^utyl. secbutyl. tert butyl, 
n-pentyl. n-hexyl or n-heptyl. 

Halogen or halo Is preferably fluoro, chloro. bromo or lodo. most preferabW tluo^,. chloro or 
bromo (if not stated othenmse). 

Preferably, each of Y„ and Y\ Is P(=S). most preferably P. 

■substituted-. Whoever used for a ™.eV.-means that one-™^^^^^^ 
^spectlve motecule. especially up to 5. more especally up 'dependent, 
are replaced by the corresponding number of substituents whrch preferably are P 
rs::erfro:thegroupccnsls«ng Of alM. especially low.^^^^^ 

:rh:s:r-a:c:r:x^^^^^^^ 
-r.-rr,r^:=:=-^ 

rntIr.;::.m,no.N.N-dl-^ralMamlno.N-phenyM<^^^^^^^^ 
(phenyl^r alKyiVamlno. lower alkanoylamlno. fluoro-lower alM. "^""^^^ 
1, C^.rcy.oalKyl. hydroxy, lower a.oxy. for example "^-^^^'^^^Z 
lower alkanoyloxy. amino, N-lower alkylamino. N.N-di-lower -'^^^'^"l"'^"^^ 
Mamino N N-bls(phenyWower alkyD-amlno. loweralkanoylam.no. 
roT^IMcarblyl-Ur alKoxy or M.N*lower alMcarbamo.*^^^ 

In^ordr^ralKy^mlno. lower alKano.amlno.^.o^^^^^^ 

naohthvl- or fluorenyl-lower alkoxycarbonyl. such as benzyloxycarbonyl. lo 
f:Cralka„esu,^nyl.forexamplen«.hanesulfon,(CH3.S(0,..,.phos^^^^ 

(-P(=0)(0H)2). hydroxy-lower alkoxy phospho,yl or dl-lower alkcxyphosphoryl. carbarn^. 
°o°di^r al Jca^amoyl. suHamoyl and mono- or dMower a,kylam,nosu«on>.. I. 
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goes without saying that substitutents are only at positions where they are chemically pos- 
sible, the person skilled in the art being able to decide (either experimentally or theoretically) 
without inappropriate effort which substitutions are possible and which are not. 

An organic residue capable of binding to phosphorus, arsene or antimony, preferably Is any 
moiety that comprises 1 to 50 carbon atoms, that may saturated, unsaturated or partially 
saturated, wherein carbon atoms may be replaced with heteroatoms, especially selected 
from N, O, S. Se or P, with the proviso that the moiety is chemically stable. The organic 
residue may in addition be substituted, or unsubstituted. 

Preferably, an organic residue capable of binding to phosphorus is selected from the group 
consisting of an unsubstituted or substituted moiety selected from the group consisting of 
aryl, heterocyclyl, cycloalkyl, aryl-lower alkyl, heterocyciyl-lower alkyi, cycloalkyl-lower alkyi, 
alkyi, aryloxy, heterocyclyloxy, cycloalkyloxy, aryl-lower alkyloxy, heterocyclyl-lower alkyloxy, 
cycloalkyl-lower alkyloxy and alkoxy, 

Aryl preferably has a ring system of not more than 24 carbon atoms, especially not more 
than 16 carbon atoms, is preferably mono-, bi- or trie-cyclic, and is unsubstituted or substitu- 
ted preferably as defined above under "Substituted"; for exampe. aryl is selected from 
phenyl, naphthyl, indenyl, azulenyl and anthryl, and is preferably in each case unsubstituted 
or substituted phenyl or (especially 1- or 2-) naphthyl. Unsubstituted aryl is preferred. Unsub- 
stituted aryl, preferably phenyl or napthyl, is especially preferred as organic moiety. 

Heterocyclyl is preferably a heterocyclic radical that is unsaturated, saturated or partially sa- 
turated in the bonding ring and is preferably a monocyclic or in a broader aspect of the in- 
vention bicyclic or tricyclic ring; has 3 to 24, more preferably 4 to 16 ring atoms; wherein at 
least in the ring bonding to the radical of the molecule of formula I one or more, preferably 
one to four, especially one or two carbon ring atoms are replaced by a heteroatom selected 
from the group consisting of nitrogen, oxygen and sulfur, the bonding ring preferably having 
4 to 12, especially 5 to 7 ring atoms; heteroaryl being unsubstituted or substituted by one or 
more, especially 1 to 3, substitutents independently selected from the group consisting of the 
substituents defined above under "Substituted"; especially being a heteroaryl radical selec- 
ted from the group consisting of imidazolyl, thienyl, furyl, tetrahydrofuryl, pyranyl, thiopyranyl, 
thianthrenyl, benzofuranyl, chromenyl, 2H-pyrrolyl, pyrrolyl, pyrrolinyl, pyrrolldinyl, imidazolyl, 
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i^idazolidiny, benzWdazoly,. pyrazCyl, pyrazinyl. pyrazolWInyl, pyranyol. «azo.yl. «oU,^- 

d"noM. dLhydrocuinoM, oCahydroiscquinolyl. benzofurany., d«rany.. ben- 
*Zly. d~,op.eny,, phthala^n,, naphtMdinyl, c,u,noxa,y,. y, 

Ztl^'^ furazanyl. phenazinyl, phencWazinyl. phenoxazlny.. chron,eny«. ,sochK. 
ZtlLany., eacb o, .Hese radical be,n» un.ubsmu.ed or subs«^ by one .o 
TradU se.eced .ron, .he g,cup consis«ng o, lower a,M. especia«y ™my, or .ert-bun.. 
and lower alkoxy. especially methoxy. 

CydcalM Preferably CCo^doaiKyl, especially oyCopropyl. di,ne.hy.cyo,opropy..^o. 
^ rclopentyl. cyOohexy, or cycloheptyl, cyoloalM being unsubs«ed or subs^tuted by 
0^^!:, efp^lly 1 .o 3. subs.i.u.en.s independently selected ^ ^ group oons-s- 
ting of the subsatuents denned above under -Substituted". 

Arvl tower alkyi is preferably lower alkyi tl^t is substituted (preferably tem-inally or in 1-po- 
^nm unsubstiLted or subsmuted aryl as deflned above, especially pbenyl-.»«er alky., 

such as benzyl. 

HeterocyCyMower a,ky. is preferably lower alKy. that is substituted (preferably terminally) by 
unsubstituted or substituted heterocyclyl as defined above. 

CydoalM-lower alM is preferably lower alKyl that is substituted (preferably terminally) by 
unsubstituted or substituted cycloalkyi as defined above. 

A,Kyl preferably has up to 20. more preferably up to 12 carbon ^^o- a^^^^^^^^ 
branched one or more times; preferred is lower alky, which .s especaiiy CC-alkyl. 

substituted alky, is especiaiiy aryl-lower a.kyl. heterocyclyl-lower alkyI or cydoalkyWower al- 
r, whe^tl^- heterocyclyl or cycloalkyi are unsubstituted or substituted by one or more, 
kyl. wherein aryl- heterocyc y y substituents defined gene- 

preferably up to 4, subsituents independently selected from tne 



rally above. 
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An unsubstituted or substituted annealed ring formed from a pair of substituents A together 
with the binding carbon atoms in subformulae (A), (B), (C), (D) or (E) is preferably formed 
from two substituents A bound to vicinal carbon atoms and is especially a mono-, bi- or 
tricyclic aromatic ring, more especially phenyl or napthyl that is substituted or preferably 
unsubstituted, substituents preferably being defined as above under "Substituents", in 
addition also Including halogen. 

Where the ligands of formula I or II, complexes therewith or precursors thereof are mentio- 
ned, if centers of asymmetry or other chirality determining groups are present (e.g. axis of 
chirality in atropisomerism or planes of chirality, e.g. in paracyclophanes, ansa-compounds 
of trans-cyclooleflnic groups comprising compounds), this refers to the mixtures of the res- 
pective enantiomers or diastereomers, preferably to the pure isomers (e.g. enantiomers or 
diastereomers). 

An annealed unsubstituted or substituted mono-, bi- or polycyclic ring system as the ring 
being formed by Ri and Ra preferably has up to up to 16 carbon atoms and is preferably an 
annealed aryl as defined for aryl above, especially an annealed phenyl (benzo) or naphthyl 
(naphtho) ring. 

The invention also relates to complexes comprising ligands of formula I or II together with 
transition metals, especially of groups 3 to 12 of the periodic table of elements, including the 
lanthanides and actinides, especially of groups 4 to 12, most especially with rhodium, ruthe- 
nium, palladium, platin, iridium, nickel or cobalt, preferably with rhodium or ruthenium. 

Free ligand positions may in addition be occupied by further ligands, and/or counterions may 
be present. 

All reactions described herinbefore and hereinafter are preferably, where required, mandato- 
rily, carried out under inert gas, e.g. argon or nitrogen and (where required or desirable) 
underwater-free conditions, e.g. using the Schlenk technology and equipment and anhy- 
drous (especially absolute) reagents and solvents. 

In the process leading from a compound of the formula IIIA to a compound of formula IVA, 
where M is Li, the organolithium compound Is preferably an alkyl-lithium, especially a lower 
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•„ hrnarier asoect sec-butyinthium, or aryl-lithium. 

such as phenylllthium. The reaction preferably takes '^^J o 2 to 2, espe- 

• 11 Ki M M' N' tetramethylend amine (TMEDA) (preieraDiyu.^ iw 
mlng agent, espeaally N.N.N ,N tetrametny ^ ^ ^ 

aally 0.7 to 1.3 ecuivalents whan compared -'^^reslclally a dM<»er alKylether. such 

™.l,.,lnan(anhyarous.^...-^^^^^^^^^^^ 

asd..hy.ther.«a^c^c^^^s^^^^^^^^ 

tween -70 and 20 C. especially u water-free conditions. 

10 -C preferably under inert gas, e.g. argon or nitrogen and under wa 
e.g. using the Schlenic technology and equipment. 

M r.f formi iiae IVA (M = Li) is possible using conres- 

preferred. — - 

P.era..,.hereac.onto.heoornpo.ndsofthefc^^^^^^^ 

solvent, especially an ether. n«e especially a ^"^"^^ ^ p^jeted tenv 



sec. 



^ «f th^ formula VIA (especially wWi Me = LI) prefer- 
^ f tho formulae lA* or IIA* into different compounds of the for- 

::7orr:r::;c:rLpo..^ 
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actions and reagents are applied; for example and preferably, the following reactions are 
possible: 

(i) Oxidation of compounds of the fomnula lA or IIA wherein Yi* and (If present, that is, in 
compounds of formulae lA) Y2* or (if present, that is In compounds of the formula IIA) Yi'* 
are P, especially of compounds of the fomiulae I or II wherein Yi and (if present) Y2 or Y/ 
are P, to the corresponding compounds wherein Yi* and/or Y2* or Y,'*, or Yi and/or Y2 or Y,', 
are P(=0) (phosphinoxides) preferably takes place in an inert solvent, especially a haioge- 
nated hydrocarbon, especially a chlorohydrocarbon, such as methylene chloride or chloro- 
fomn, in the presence of a peroxide, especially of yhdrogen peroxide, at preferred tempe- 
ratures in the range from -20 to 50 "C, especially from -5 to 30 'C. 

A comparable conversion is possible at the stage of the starting materials of the formulae 
IIIA, lA* and/or IIA* to yield the conresponding (P=0)-intennedlates. 

(ii) Conversion of compounds of the formula lA or IIA wherein Yi* and (if present, that is, in 
compounds of formulae lA) Y2* or (if present, that is, in compounds of the fonnula IIA) Yi'* 
are P, especially of compounds of the fonmulae I or II wherein Y, and (if present, that is, in 
compounds of fomiulae I) Y2 or (if present, that is, in compounds of the formula II) Yi' are P, 
to the corresponding compounds wherein Y/ and/or Y2* or Y,'*, or Yi and/or Y2 or Yi', are 
P(=S), preferably takes place by reaction with (S)p (wherein p is an integer larger than zero), 
especially cyclic Ss, in an inert solvent, such as an aromatic or aliphatic hydrocarbon, espe- 
cially toluene or xylene. 

A comparable conversion is possible at the stage of the starting materials of the fomiulae 
IIIA, lA*. IIA* and/or to yield the conresponding (P=S)-intermediates. 

(ill) Conversion of compounds of the formula lA (especially lA*) or IIA (espedally IIA*) (all 4 
falling under fonnula lA or fomiula IIA), whereinYi*. and (if present) Y2* or Yi**. are as de- 
fined for compounds of these formulae, especially P, and each of Zi* and Z2*, and (if pre- 
sent) Z3* and Z4* or Zi'* and Z2'*, are N(Q)2 wherein Q is substituted or preferably unsubsti- 
tuted alkyi, or of compounds of the fonnula I or II, wherein Yi and (If present) Y2 or Yi* are 
as defined for compounds of the formulae I and II, while Zi and Z2 and (if present) Z3 and Z4 
or Zi' and Z2' are are N(Q)2 wherein Q is substituted or preferably unsubstituted alkyI, to the 
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a™. Z,- or Z,' and Z.'. are halogen, espec,a>iy chloro^ or P- « « 
„„,.n.so.^.on.„..rn^^^^^^^ 

rr^^rrrr-^lerJse^HSrorHO.^^^^^^^^ 

and additives, such as N,N,N .N -tetrametnyi compound of the formula lA 

„..,„e..^c...nmen,«u.res*^^^^^^^^^ 

-C. preferabiy 15 to 50 C - if des.rea a k . .^^..^o^ guch as toluene, xylene 

^-"^Cr:atranrrrrsr::rre..^ 

:r^:rr::vesseU.e....ass«are,an.rap.aworK,sesse^ 

,,....ono..n^.so.^^^^^^^^ 

4 falling under ,omu^ '^^^^^J,^^ P, and each o, Z.- end Z.-. and (If 
as defined or ^"^f^^.!^^,^ especially chlolne. or of impounds of me 

present) Z3* and Z, or Z, and . " fo^ compounds of the fbr- 

fom-ula I or 11. wheraln Y„ and (If present) Ya or Y. a^e as defl 
^ulae . and III. while Z, and Z. and preserU) ^^' f; ;"^ ^^^^ 

.al.*.r^.;o-— 1.^^^^^^^^ 

and (If present) Z3* and Z. , or Z, ana Za . ' „ Z, and Z, or Z,' and 

J ..i^tomiilalorllwhereinZ, andZ2and(ifpreseni)«<iii " 
ding compounds of the fomiulal or i w especially a dialkyi ether or preferably 

Zi. are hydragen. preferably takes place ,n an ether, ~J' 33 
aUemer.espe.a,.tetrahydrofu~c^._a^^^^^^^^^^ 

or xylene, at prefenad temperatures between 20 C nd^he 

Introduction of bridge fomiing ligands: 

POT the inuoducuon of bridging ligands of the formula (A) given under .«mu.ae lA and I.A 
a^, ! con^pound of the fom,u,a lA' or ..A-, wherein (as far as present) Y, , Y. . Y, . Z, , 
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Z2*, Z3*, Z4*, Zi'*, Z2'*, Xi, X2 and X3 have the meanings given for compounds of the 
formulae lA and IIA, respectively, but with the proviso that at least four of Zi*. Z2*, Z3*, Z4*, 
Zi'* and Z2'* are H (obtainable according to the last paragraph) (thus the corresponding 
compounds being named compounds of fomiulae lA** and IIA*' hereinafter, in fact); which 
compounds fall under the definition of formula lA and IIIA, respectively; is reacted with a 
compound of the formula A*, 




(A*) 

wherein A, n and m are as defined for compounds of tiie formula lA or IIA, L, and L2 are lea- 
ving groups, especially halogen, radicals of organic sulfonic acids, such as unsubstituted or 
substitute d_alkaDesulfADyJjy_atyJsulfpnylJ^ of fomiula IA*'or IIA*', respectively, 

being used after deprotonation , for example with bases, e.g. organolithium compounds, lithi- 
ation in the form of the lithium derivatives (Instead of Z,*, Z2*. Z3*, Z4*, Z/* or Zz'*, as far as 
present, as hydrogen, the deprotonated, e.g. litiilum, form being present) In accordance with 
the methods described in US 5.008,457; or, in fomiula A*. U and L2 together are a sulphate 
(-0-S(=0)2-0-) or (as the sulphates are not very stable for storage and are inclined to de- 
compose) more preferably a phosphate (-0-P(=0)(Ra)-0- wherein Ra is alkyl. arylalkyl or 
aryl, preferably phenyl), thus forming a cyclic sulphate or preferably phosphate of the com- 
pound of the fomriula A*; the reaction ttien preferably taking place in analogy to the methods 
described in US 5,532,395 and/or WO 98/02445, e.g. using a strong base (one ttiat is capa- 
ble of complete deprotonation of a P-H bond), especially alcoholate, such as potassium tert- 
butylate, or an organolithium for deprotonation of a compound of fomiula IA*'or IIA*' (remo- 
ving protons Zi*. Z2*. Z3*, Z4*. Zi"* or Z2'*, as far as present, respectively) in an appropriate 
solvent or solvent mixture, e.g. an ether, especially tetrahydrofurane, an alkylamide. e.g. di- 
loweraikyl-lower alkanoyi amide, such as dimetiiylfomnamide, a hydrocaarbony, e.g. an aro- 
matic hydrocarbon, such as toluene or xylene, or mixtures of two or more such solvents, at a 
temperature in the range from -20 to 50 "C, preferably -5 to 30 "C; a solution of the com- 
pound of fomnula A* is added; ortiie reaction is lead In analogy to WO 99/24444, that is, the 
strong base is added to the preformed mixture of the compounds of formulae lA*' or IIA*', 
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.especave,. ^ ^ -poun. o, for™. A-. ,n a,, cas.^ *e prefer^d reacUon .ea,pe.. 
Uires are in the range from -20 lo 50 -C. preferably -5 ft. 30 C. 

compounds of the formu. A* (espec,a% .he preferred ones with centers of ^T^^, 
r n the art or can be prepared according to methods that ana Icnown ,n the art Prefer 
known in the art or can Be p P ^ ^ compounds of the for- 

«d (leading directly to a compound of the formu^ ^ „ S-oonfom,ation): or 

mula (A') with substltuents that represent cenlere of asymmetry 
they are commercially available. 

For the int^ducuon of bridging ligands of me formula (B) g.,en under ^'-^^ 

:i^irn;^;:p;u^io;'.hefo.^^^^ 

^* -7* 7* Zi*andZ2 , or Zi, /.2. ^» ^i aii«*.z\ 
compound of the formula (B*). 

(A)n 

I 



HX 



(B*) 



/ H have the meanings given for compounds of the formula lA. IIA. I or II. 
..ere.n A n ^^ ^^^^^^^ Z,.,,,, O or NRs (for the synthesis of the 
respectively, while X4 -s .ndepen y ^^^^^^^^ ^^^^^ p,^^^ 

"'"rrnt3rpi:r~ 

:rrrn::r ^el or an ether. e.g. a dlalM^er, s^^^^^^^ 
aibuty^ther, P---«rr Vri^ «dde, e.g. Ha is 

::rri:x:^-:---treamofar,^^^^ 

r^aly nLgen base is added, e.g. pyridine, trlethylan^ne orthe „Ke. 

.„ds of the fomiula (B') are known, commercially available or can be prepared 
The compounds of the torniuia t"' c„^„ies are 1 2-bls-N-methylamino cyoto- 

according to rt^thods that are known .n the art. Examples are 1 ,2 m 
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. hexane. N,N'-(S,S)-bis-(1-pheny!-ethyl)-ethane-1 .2-diamine or rac-butane-2.3-diol or 1 ,3- 
diols. 

It is also possible, alternatively, to Introduce bridges of the formula (B) into compounds of 
formula I, II, lA or IIA vviierein X4 is NR5 wherein R5 is substituted or preferably unsubstituted 
alkyi, especially lower alkyl, by reacting the conresponding compounds wherein at least one 
of Y,(2i)(22). Y2(Z3)(24). Y,'(Z,')(22'). Y,*(Z,*)(Z/). Y2*(23*)(Z4*) and YV*(Zn'*)(Z2'*). as far as 
present, are P(N(Q)2)2 wherein Q is substituted or preferably unsubstituted alkyl. especially 
lower alkyl. with compounds of the fomiuCa (B*) wherein X4 is oxygen, using appropriate 
reaction conditions. 

(vii) For the Introduction of bridging ligands of the fomiula (C) given under formulae lA, IIA. I 
or II, wherein (as far as present) Y,*, Y2*. Y/*. Z,*, Z2*. Z3*. Z,*, Z/*. Z^'*. Y<, Y2, Y/. Z,. Z^, 
Za, Z4, Zi', Z2', Xi, X2 and Xs have the meanings given for compounds of the formulae lA, or 
. HA, or I or II, respectively, but with the proviso that at least four of (as far as present) Zi*, 
Z2*.,.Z3*, Z4*, Zi'* and Zi**, or of Zi, Z2, Z3, Z4, 2i' and Z2' respectively, are halogeno, especi- 
ally chloro, is reacted with a cx>rresponding compound of the formula C* 




(C*) 

(preferably one enantiomer thereof) wherein A and q have the meanings given above for 
compounds of the formula lA, HA, I or 11, respectively. The reaction conditions are preferably 
as described in the last paragraph. 

Compounds of the formula C* are known in the art, can be manufactured according to 
methods that are known in the art or are commercially available. 
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(viiO For ^ in«>auc«on of bridging Hgands o, the ,om,u,a (D g~en ""^^ — ^ f"^ 
,A above a compound of .he formula lA, UA. . or M. »*erelh (as far as present) Y. , Y, . Y. . 
„A above^ a ^mp ^ ^ ^ , ^ , ^ ^ „,,„,^, 

;.:;ortt". :^the ;rmu,ae ,A ■ .nd . ^ 
* -7* 7* 7 * 7,* Zi'* and Zz* or of Z^, Zz. Z3, Z4. ^^ ana z.2 i^v«/z, 
r Isl^. P^-^V unsuhsututed a,M, . reacted w«h a corresponding compound 

of the formula D*. 



(D*) 

h-r.ln n, a A and R. are as defined for compounds of the fom,ulae 1, lA, .1 or MA. respec 
r; :rp^-ce Of an apprlpropnate soWent, e.g. a hydrocarbon especla,, a„a^ 
^ ■ hydrolrbon, such as toluene or xylene, preferably at an elevated 
nien 30 -C and me reflux temperature of «,e reaction mixture. For prefened reaction 
!:"rr^ see Bn,ne. et al.. Organomet. Chem. 626(1). 286-94 (1997). 

,M For tt,e introducuon of bridging llgands of the fon^ula (B) given ""'-'J^^^ 
(K) For the in substltuents A are bound at vicnal carbon 

„A above. " J^' - '^^^^^ ^ ,3 as torfonnu^ (B) above. 

atoms and ^ '^^^ , „, l,,^^ ,3. as present, Y.. Y.-. Y,-. Z,'. 

::'^'<lU.s%.heformu.elAor.lA._..^ 
of the formula (B'*) 
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wherein R5 has the meanings given under formula lA and IIA for bridge (B) above, and z is 0. 
1, 2. 3 or 4. the reaction preferably taking place under the conditions mentioned above under 
(v) for compounds (B*). 

(X) For the introduction of bridging ligands of the formula (B) given under formulae lA or IIA. 
or I or 11. wherein X4 is O, n is 6, m is 4, four of the resulting substituents A each are each 
phenyl, bound painwise to the carbon binding to X4. and the other two together form a 1 .1-dl- 
lower alkyljespecially methij>-methyiendioxy bound to the remaining 2 bridging <art)on' 
atoms, a compound of the fonnula lA, IIA. I or II, wherein (as far as present) Y,*, Y2*, Yi'*, 
Zi*, Z2*, Z3*. Z4*. Zn'*. Zz'*. Yu Y2, Yi'. Z,, Z2. Z3, Z4, Z,*, Zg', Xi. X2 and X3 have the meanings 
given for compounds of the fomnulae lA or IIA, or I or III, respectively, but with the proviso 
that at least four of (as far as present) 2^*, Z2*, Za*, Z4*, Zi'* and Za**, or of Z,. Z2. Z3, Z4, Z,' 
and Z2' respectively, are hatogeno, especially chloro, is reacted with a corresponding com- 
pound of the formula G* 




(G*) 



wherein alk is lower alkyl. 



Compounds of the formulae (G*) are known In the art. can be prepared accorxJing to me- 
thods known in the art or are commercially available. 
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The reacscn prefereably taKes place under me mild condittons mentioned above for co^ 

„ 0. .he formula ,B) ^ .he halogeno compounds o, formulae .A. MA. . or ... respeo- 
U, Wherein ,he Z subs,i.uen« are halogen, bu. may also be led in *e p^senoe o. a 
sZ base, such as an organdilhium compound, especially n.buWl.«h.um. ,n a hydro^r- 
:re.g. an alKane. such as hexane, and,or an e*er, e.9. a cyclic e««r, such 
Ir^J,.. a. .empera.ures bew^een -80 and 50 -C, pre.erab^ between^ and 30 C (for 
dettlM oondMons, see SaRakl e. al., Helv. Chim. Acta 76, 265«5 (1993)). 

A preferred compound of the formula G' is (4R,5R>bls(hydroxydiphenylme.hyl)-2.2- 
dimethyl-1 ,3-dioxolane. 

(X.) For me in,roduc.ion of bridging llgands of ,he formu^e (E, and (F) given "-"er formulae 
A or llA or I or 11, suHable staring ma,eria,s (especially me preferred ones ^ centers of 

Iar.Pmerred(leadingdirec«y.oacompoundof*e.ommlalor..above)are 
I,;lnds wim subs«uen.s .ha, represent centers of asymmetry (R- or S^n,onna*on)-. or 
they are oommercially available. 

Any products at any stages including those leading intem,ediates and .0 the final PJ^uc^o. 
folulae lA IIA, especially 1 and/or II, can be obtained and, » desired, punfied by standard 
Zh^! ^g. rysLlizaUon. re-c,ysta,liza«on, d^lng. chron»U>graphy. disti^on exUao- 
JiKe The respec«ve methods are Kn^ .0 the person sKilled m the art. 

compounds o, «,e fon^ula IIIA are Kno»n in «,e art. can be prepared according to me*^s 
Tare Known in the art or are commercially availabte. For example, they can be prepared 
fmm the corresponding compounds of the fomiulae VI 

.Hal 

(VI) 

therein X.. X, and X, are as defined for compounds of me fom,ula lA, and Hal is haK^en. 
especially bromo. by reaction with a compound of me fonmila VII. 




E-Y2*(N(Q)2)2 



(VII) 
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Wherein Y2* is as defined above, especially P or P(=0), E is halogen, especially chlorine, and 
Q is substituted or preferably unsubstltuted alkyi, in the presence of magnesium in an ether, 
prefeably a dialkyi ether or a cyclic ether, such as diethylether or tetrahydrofurane, at prefer- 
red temperatures in the range from 0 "C to the reflux temperature of the reaction mixture, 
more preferably under reflux. 

The compounds of the fonmuae VI and VII are known, can be prepared according to 
methods that are known in ttie art or are commercially available. 

Other starting materials can be prepared according to methods known in the art, e.g. by 
reaction according to Brunner et al, Chem. Ber. 118(8), 3380-95 (1985), where also the 
starting material Is mentioned. 

Where desired or necessary, resulting racemic compounds of the formula I or II (or lA or IIA) 
obtainable according to any one of the processes of the described in this disclosure can be 
resolved into the single enantiomers (or in case of more than one chiral center diastereo- 
mers) by standard techniques, e.g. fractional crystallization (e.g. in solution or emulsion) in 
the presence of racemic acids, like camper sulfonic acid (for basic compounds) or racemic 
bases, like R-phenylethy!amlne, or chromatography over chiral chromatography gels. Prefer- 
ably, however, compounds that are pure with regard to their chirality centers or axis or pla- 
nes are used as starting materials in order to directly obtain pure Isomers (enantiomers or 
diastereomers). 

For each of the conversions, the other moieties not specifically mentioned have the mea- 
nings given above or below for the corresponding compounds, especially the preferred 
meanings. 

Any process according to the invention that comprises no, one, or two or more subsequent, 
conversions as shown above is especially preferred. 

In the use in organic synthesis, a high level of enantioselectivity preferably can be under- 
stood to mean that a hydrogenation yields a product of greater than or equal to 70 %, pre- 
ferably greater than or equal to about 90 %. more preferably greater than of equal to 94 % 
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enanuomeric excess (abbreviated ee). Enantiomerio excess is defined as *e ra*> (%R - 
%S)/(%R * %S). «here %R is Ihe pexentage of the R form and %S is the precentage of the 
S fonn al a center of chirality, e.g. in a sample of an optically active compound. 

complexes of the chiral ..gands of fom,ulae 1 or II (especially the respective diphosphinas) 
with transition metals are obtained according to methods that are known in the art They are 
for example, ob^lned by an exchange reaction between the chiral iigands and a comptex o^ 
me chosen transition metal, in which the bond between metal and ligand must be mora lab*, 
that the bond that will fom, between metal and diphosphine. in this way, the diphosphrrie wHl 
replace the ligand in the coordination to the metal, fomiing prefened coortination bonds. In 
particular, in me complex used as starting material the transMon metal is utilized ir, «o«i,na- 
«on wim iigands such as t .s^ciooctadlene, norbomadlene. (ethylene), tnarylstribe,^. 
benzonltrile and me like. Counterions may also be present, depending on the charge of the 
resulting complex, e.g. BF.-. PF,'. SbF," or CFsSO,-. or lower alkanoates. such as 
acetate^- 

For the manufacture of the complex, tor example the complex constituted from the selected 
transition metal and the original ligand to be replaced Is dissolved in a suitable solvent, e.g. 
an ether such as a cyclic emer. preferably tetrahydrofurane. a halogenated hydrocarbon, 
such as a chlorinated lower alkane. e.g. chl^ofom, or dlchloromethane, an 
methanol or ethanol, an aromatic hydrocarbon, such a toluene or xylene, or an N.hM.-(lower 
alkylHower alkanoylamide. such as dlmethylfomramkle; if required, in the presence of a 
further anionic ligand able to coordinate to remaining free coordination positions and the chH 
ral diphosphine is added, either in the solki state or already dissolved In a surtable solvent 
The progress of the reaction may, inter alia, be fdltowed by detection of cotour changes, 
preX«on of the product, NMR, GG, TLC or me «ke. At the end of the reaction, the solvent 
is removed and me chiral complex fonned may be used as It is or It may be subjected to 
further standard puriflcatlon steps k,»wn in the art In order to obtain a purified complex. 
Preferably, the complex fomration takes plac« shortly or immediately before me use of the 
complex in organic synthesis, e.g. hydrogenation. 
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Preferred embodiments according to the invention can be obtained by replacing more ge- 
neral definitions (individually, in groups or collectively) by the more specific definitions given 
above and below. 

Especially, the claims (which are incorporated here by reference) show prefen-ed embodi- 
ments of the invention. 

Specifically, a prefenred process according to the invention comprises manufacture of com- 
pounds of the formulae lA* or IIA* and then conversion (ill) mentioned above, followed either 
by conversion (vi) or especially (vii). or by conversion (iv) and then conversion (v). each as 
described above; the resulting compounds of formulae I or II, especially those obtained with 
the prefen-ed reagents mentioned above under the respective description of conversions (iii), 
(vi). (iv), (V), (vi) and (vii) are also prefen-ed embodiments of the Invention. 

Especially prefen-ed are the novel processes. Ilgands, complexes thereof and intemiedlates 
described in the subsequent Examples, as well as the uses described therein. 

Examples : 

The following examples illustrate the invention without restricting the scope thereof: 



Abbreviations: 

Ac 

acac 

bp. 

t-Bu 

n-BuLi 

COD 

Conv. 

ee 

Et 

ether 

h 

I 

Me 



acetyl 

acetylacetonate (2,4-pentanedione) 

boiling point 

tert-butyl 

n-butylllithium 

cyciooctadiene 

conversion to the product 

enantiomeric excess [ee = 100 (Xr-Xs)/ (Xr+Xs). wobei Xr> Xs] 
ethyl 

diethyl ether 
hour(s) 
litre(s) 
methyl 
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min 

mp. 

Mw 

NMR 

Ph 

pHz 

i-Pr 

OEta 

rotavapor 

S/C 

Temp. 

THF 

TLC 

TMEDA 



minute(s) 
melting point 
molecular weight 

Nuclear Magnetic Resonance Spectroscopy 
phenyl 

hydrogen pressure 
isopropyl 

diethylether etherate 
rotary evaporator 

relation substrate to catalyst (mol/mol) 

Temperature 

tetrahydrofurane 

Thin Layer Chromatography 

N.N.N'.N'-tetramethylethylendiamine 



Pvcm plA 1: 3-b> ^ (HimPthvlamino ) ph^'^ phnnvl-ben7ofb1thiophene 

P(N(CH3)2)2 




A 2 1 flask with mechanical stirrer is charged With magnesium turnings (41 .0 g. 1 .69 m^^^ 
THF (200 ml). Under an inert atmosphere a solution of 3-bromo.benzolb]thiophene 73 g 

0 81 mol) and chloro-b.s(dimethylamino)phosphine (145 g. 0.94 mo.) in THF (300 ml ,s ad- 
ded dropwise over a period of 2 V. h to the Mg-U.mings. The reaction mixture starts to reflux, 
and when the addition of the reagents has been completed, reflux is maintained for another 

1 y.h Then the mixture .sallowed to cooltoambienttemperatureand decanted from the 
Mg-tumings into a 2 1 flask. After removal of the solvent on a rotavapor. the residue .s extrac 
ted three times with hexane. The combined hexane extracts are concentrated to leave a 
..own oil. The residue is extracted another three times with ethyl acetate ^--a. of the 
ethyl acetate from the combined extracts leaves an oil which, according to H-NMR. .s al- 
Jst identical to the product from the hexane extractions. Distillation of the com meC ..s 
over a Vigreux column under vacuum gives the title compound as pale yellow o.U bM 20 
•C/0 018 mbar. yield 136.5 g (66.7 V. based on 3.bromo-benzo[b]thiophene). 3-B.s(dH.ethy|. 
alo)phosph;ny.-benzo[b,thiophene (C.H.N.PS. Mw= 252.32): ^ H-NMR (CDCI. 300 
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MHz): 5 2.88 (d. 12 H. J = 9.4 Hz, NCH3); 7.37-7.46 (m. 2H, H-5. H-6); 7.50 (d, 1H. J = 1.2 
Hz. H-2); 7.94 (d. 1H. J = 6.7 Hz); 7.99 (d, 1H. J = 7.6 Hz, H-4 and H-7); "C-NMR (CDCI3. 
75 MHz): 6 41.99 (d. J = 15.8 Hz, NCH3); 122.45, 124.17 (d, J = 8,2 Hz); 124.24. 124.43, 
129.96 (d, J = 9.8 Hz - 5 aryl CH); 136.00 (d. J = 2.9 Hz); 140.26 (d. J = 18.9 Hz). 142.13 (d. 
J = 5.2 H - 3 aryl C). ^'P-NMR (CDCI3, 212 MHz): 5 93.80. 

Example 2: 3-bis(chloro)DhosDhino benzofdlthiophene: 




A stream of gaseous HCI was passed through a solution of 3-bis(dlmethylamlno)phosphlno- 
ben2o[d]thiophene (32.5 g, 129 mmol) in diethyl ether (250 mL). until no more HCI gas was 
absorbed and a sample showed complete conversion of the starting material by ^V-NMR. 
The obtained colourless emulsion was concentrated at nomial pressure to leave a light 
brown crystalline residue. This "was triturated three times with TBME (ca. 50 mL each). 
Removal of the solvent from the combined extracts and distillation (107-1 12"C at 0.1 mbar) 
gave the product (19.09 g, 63%) as colourless liquid. ^H-NMR CDCI3, 300 MHz) 8 7.48 (tr. J 
= 7 Hz. H-6); 7.54 (tr. 1 H, J = 7.5 Hz. H-5); 7.94 (dm, 1 H. J = 7.8 Hz. H-7); 8.14 (d. 1 H. Jp.a 
= 8.1 Hz, H-2); 8.46 (d, 1 H. J = 8.1 Hz. H.4). ^^C-NMR (CDCI3, 75 MHz) 5 123.39 (C-7); 
124.43 (d, p.c = 4.4 Hz, C-4); 125.36 (C-5); 125.92 (C-6); 134.82 (d. ^Jp.c = 62.3 Hz. C-3); 
137.10 (d, %.c = 52.1 Hz. C-2); 137.33 (C-8); 141.77 (d. %.c = 1.9 Hz. C-9). 'V-NMR 
(CDCI3, 121 MHz)5148.5. 

Example 3: 3-phosphino benzothiophene: 




Under a nitrogen atmosphere a three necked 1 L flask was charged with diethyl ether (200 
ml) and a solution of LIAIH4 in THF (58 mL of 1 N solution. 58 mmol). A solution of 3- 
bls(chloro)phosphino benzoldjthiophene (18.24 g. 77.6 mmol) In ether (ca. 40 mL) was 
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added d«>pwise over ca. 30 minutes. An exothermic reaction tooK place, and a s<M,d fonned 
n<»ss U/MH4 was hydroiyzed by the dropwise addiOon of NaOH (15 m. 4 N soluton 
*e fon^Bon of a coiourless solid which precipitated readily. The supema^n. 
:^s reived via cannula, and ^ solid was extracted with another 20 ml of e««r. 
r of the solvent in vacuo left the crude phosphine as a mobile oa which was 

r::r,:brvar:des-t.n. .e,. .... -^^^^^^ 

(CO., 300 MHZ) 5 3.59 (dd. 2 H, 'Jp.„ = 200.5 Hz, '0 = 1.2 Hz, PH=); 7^10 ( t," 'J J - 7^4 
H 6V 7 19 (-df-. =Jhp= 7.5 Hz, 'J = 1.2 Hz, H-2); 7.20 (tr. 1 H. J = 7.4 Hz, H-5); 7.57 (d, 
Th" 7 5 H H.7 ; ^70 (d, 1 H. J = 7.5 Hz, H.). "C-NMR (CeO.. 75 MHz) 5 122.06 (d J 
16 1 I «)■ 122 693 (U 123.72 (C^). 124.60, 124.63 (C5. <>6), 134.54 (d, 0 = 35 

MHz) 8 -163.1. 



■.-.„ p.. ^. :v.2S.&- ,.„^.>^.nhnsDhol^n-1-vt)^>«nroWthi9Pheng: 





A 1 L flasK was charged with degassed THF (100 mL), and 3-phosphino benzotdlthiophene 
« « ct2^mol) TO this solution was added a solution of KOfflu (4.03 g, 36 mmoi) ,n 
W ( 0 r^^. rrL^Ing red so,u«on was transferred to a cooled (O'C) ^^^^^ 
of le cvcllc su«a.e denved from (2R.SR).hexandio.e.2,5 (6.2 g, 34.4 mmoi) ,n THF (40 mL, 

1 relui-ng m.ure ^ ^g ^ C ^^U:^^^ 

:r T::: rrer eZdr^nl.. ^len water (100 mU and die.. 

el^ilOO mt) were added, and the organic layer was removed via double ended needle. 

Z\^L^ was extracted wim another 50 mL of diethyl ether, and the organ, ayer 
-n^ed as described above. The combined organic layers were dned (sod,um sulfate). 

Z^ZZ.^ - ^ ve-low 0.1. Which was c,ystai,.ed from ethane, .O n. 
!, !20-C The crystals were Mered off on a ScHenK filter and dned to g.e S 9 (64.4 « 
at -20 c. I n .y ^ (dd, 3 H, J = 6.7 Hz, J = 

colourless crystals, mp = 58 C. H-NMK oui^, u , , i - 19 9 Hz 
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•2.07 (ddm. 1 H, J = 2 Hz, J = 5.9 Hz. 1 CHg at C = 37.35); 2.29 (m. 1 H. CH at C= 35.09); 
2.37 (m. 1 H. 1 CHa at C = 37.07); 2.83 (m. 1 H, CH at C = 36.18); 7.38 (Tr. 1 H. J = 7.0 
Hz. CH at C= 124.66); 7.41 (d. 1 H. J = 1.7 Hz. H-2); 7.44 ("tr", 1 H, J = 7 Hz CH at C = 
124.30); 7.92 ("d". J = 8.1. CH at C = 122.76); 8.22 ("d". 1 H. CH at C = 124.04. ^'C-NMR 
CDCI3. 75 MHz) 6 15.83 (CH3); 21.83 (d, J = 33.9 Hz. CH3): 35.09 (d. J = 7.3 Hz, CH); 36.18 
(d, J = 10.6 Hz, CH); 37.07 (CH2); 37.35 (d. J = 4.0 Hz, CH2); 122.76 (CH); 124.04 (CH); 
124.23 (br s. CH); 124.66 (br s. CH); 129.17 (d. J = 6.7 Hz. C-2); 131.90 (d. J = 32.7 Hz. C- 
3); 140.89 (d. J = 4.6 Hz), 143.53 (d, J = 24.7 Hz) (C-8. C-9). ^V-NMR (CDCI3, 121 MHz) 5 - 
8.59. 

Example 5: 2-bisfdime thvlannino^Phosphanvl-3-r2S.5S-dimethvl-phosDholan-1 -vl V 
benzorfelthiophene: 



A 100 ml Schlenk flask was charged under an argon atmosphere with 3-(2S,5S-Dimethyl- 
phospholan-1-yl)-benzoldlthiophene (4.2 g. 16.9 mmol). and TMEDA (2.0 g, 17 mmol). After 
the addition of anhydrous diethyl ether (30 mL). was added a solution of n-BuLi (10.6 ml of 
1.6 N solution. 16.9 mmol) In hexanes, The mixture was stinted at ambient temperature over 
night, and then a solution of chloro-bis(dimethylamino)phosphin (2.62 g, 17 mmol) in ether 
(10 mL) was added dropvwse via a syringe. When the exothemiic reaction had subsided, the 
solvent was removed in vacuo, and the residue was redissolved in pentane (30 mL). The 
LiCI was filtered off over a Schlenk filter, and from the filtrate the solvent was removed in 
vacuo again. The residue was redissolved in pentane and the last traces of UCI were filtered 
off as described above. Removal of the solvent from the filtrate in vacuum left the product as 
yellow oil. ^H-NMR CDCI3. 300 MHz) 6 0.91 (dd, 3 H, J = 7.3 Hz, J = 9.5 Hz, CH3 at C = 
16.61); 1.27 (dd, 3 H, J = 6.9 Hz, J = 19.2 Hz, CH3 at C = 21.55); 1.48, 2.37 (2 m, 1 H each, 
CH2 at C = 37.61); 1.92, 2.29 (2 m. 1 H each. CH2 at C = 39.37); 2.54 (m, 1 H, CH at C = 
35.19); 2.75 (d, 12 H. J = 9.6 Hz. N(CH3)2)); 3.33 (m. 1 H, CH at C = 32.62); 7.23-7.38 (m. 2 
H. H-5. H-6); 7.85 (d, 1 H. J = 7.4 Hz, CH at C = 122.63); 8.02 (d. 1 H. J = 7.9 Hz. CH at C = 




P'NMeg 
NMe2 
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Hi 3 H.); 143.16 (S); 143.80 (d, J - 3.4 Hz); 159.31 (dd. J = 32.5 Hz J - 37.5 Hz). 
NMR (CDC.3. 121 MH.) a -3.51 (d. J = 119 Hz. P-3,; 93.12 (d. P(N(CH3).)^. 

^^^r n - r- r^'^■^^,^em^. m i ,„ 1 ■ „!) ^.n^n ,M.hlnph.n-.-vl1-3,5-d-,o>^ 




p 

(S,S)Binol 

. so Schlenk flask was charged with a solution of 2-bis(dimethylamlno)phosphany^3- 
A 50 mL ScnienK Tias.N we. » o-j n ^i-^i mmon in toluene (5 mL) 

(2S.5S-d^e.hy.phosphola,v1-yl)*e„zol«th,ophene (1L23 ^ ' 

r ^«v.«r£^ Tn this solution was added (S,S)-binapnioi vu.»o y, 
under an argon a*.ospherajo th,s so^^^^^ ^^.^^ 3.p_ 

and this .Wure was ^^^^^''^^Z^^ removed In vacuo, and the residue was 

H ;! C?37.;7); 2.04. 2.41 (2 nt. 2 ' 1 H. CH, at C - 39.55)-, 2.41 (n, 1 H, H at C - 37.77). 
2.67 (m, 1 H, CHP); 3.43 (m. 1 H. H at C = 33.96); 

g,,,,,,^7Ug.m:E.12S.§^^ 
rK„. ph»^ntoh i irit-.r ' -t-f-^'-^^hthalen 




S (R,R)BinoJ 
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This compound was prepared in exactly the same way as described for example 6 using 
(R,R)-Binaphtol . 



Example 8: 2.3-bisfdichlorophosphtnoVben2orb1thloDhene 




A 3 1 flask equipped with mechanical stirrer, inner thermometer, pressure compensating 
dropping funnel and reflux condenser is flushed with argon. Then the flask Is charged with 3- 
bis(dimethylamino)phosphonyl-ben2o[b]thiophene (129 g, 0.51 1 mol). TMEDA (65.2 g, 0.562 
mol) and ether (1.2 I). The mixture is cooled to 0 "^C, and then n-BuLI (351 ml, 1.6 N solution 
In hexane, 0.652 mol) is added dropwise via the dropping funnel over a period of 90 min, 
while the temperature is maintained in the range between 0 and 5 "C. The cooling bath is 
then removed and stirring is continued, until after 3 14 h a precipitate has formed. Then a 
solution of chloro-bis(dimethylamino)phosphine (87 g, 0.533 mol) in ether (200 ml) is added 
dropwise to the reaction mixture within 30 min. The temperature of the mixture rises slowly to 
30 "^C, and temporarily the mixture becomes almost homogeneous, while at the end again a 
suspension is present. At this stage a small quantity of the reaction mixture is removed and 
distilled in a Kugelrohr oven to fumish a sample of 2,3-bis(dimethylamino)phosphonyl-ben- 
2o[b]thiophene for analysis (vide infra). The inner thermometer is then replaced with a gas 
inlet tube, and gaseous HCI is passed into the reaction mixture at such a rate that the gas is 
taken up completely. Initially, the reaction mixture becomes slightly more viscous, but after 
about 3 h the solids present coagulate and settle rapidly when stirring is intenrupted. The 
addition of HCI is then continued for another 10 min at the same flow rate, and then ligroin 
(30-50 ""C. 1 1) is added to the reaction mixture. The precipitated salts are filtered off (using 
scrupulously dried glassware and rapid work are essential at this stage) in a well ventilated 
hood, and removal of the solvents from the filtrate leaves the product 2.3-bls(dichloropho- 
sphino)-benzo[b]thiophene as an orange-yellow solid, 153.3 g, 89.8 % based on 3-bis(di- 
methylamino)-phosphonyl-benzo[b]thiophene. Extraction of the solid with pentane in a Sox- 
leth extractor gives the pure title compound as pale yellow crystals, mp. 96 *'C (sealed tube). 
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, u c M RV 7 93-7 97 (m. 1H); 8.62-8.68 (m. 1H- M-^, n-^)- 

l^ nV-tlU^'P-NMR (000(3.121 MHZ,: 5 133.99. 138.01 (AB, J = 4=0 Hz). 

' AnalyUoa. data for the intern«dlate 2.3-blslbis(d,™*.ylamino)phosphonyn- 
benzolblthiophene (C„H2.N4P2S, Mw = 370.42): 



Me^N 



V 



\ 



NMe2 



K s>AO -c/0 05 mbar (Kugelrohr). ^H-NMR (CDCI3. 300 MHz): 5 2.80 (d. 24H. J 
Viscous 0.1. bp. 240 C/0.05 moar ^r.ug . ' _ , _ ^ f. H-7V 8 23 (d. J = 8.2 Hz, 

. . 1ft 7 H^V 121 98 123.63. 123.87. 125.06 (4 aryl CH). 136.73 (dd. J 
17 Hz); 42.71 (d. J = 16.7 Hz). 121.98. ""-^ • • _ ^ ^z - C-8 

. e r 9V 143 30 (dd, J = 1.5 Hz, J = 3.3 HZ), n^cj.D^ v". ^ 

:::::):i;r9:rr='2:rH.i=33.2H.c.3).'v-^^^ 

99.52 (AB. J = 28 Hz). 

B,,^,!aSUSli.3iisI2^^ 
^,-,.,.K,.ph»n. .snr inrninh M"re ph'pM d?^)l 
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A 250 ml flask was charged with (S)-Binaphtol (8.3 g. 30 mmol) and toluene (50 mL) This 
mixture was heated at reflux, and then product 2.3.bis(dichlorophosphlno). 
benzo[b]thiophene (5.04 g, 15 mmol) was added to the reaction mixture. A gentle flow of 
argon was passed through the solution via a cannula in order to remove the formed HCI The 
mixture was kept at reflux over night, and then the solvent was removed on the rotavapor to 
leave the product as a light brown foam in almost quantitative yield. ^V-NMR (CDCI3 121 
MHz) 5 1 66.7. 1 86.0 (AB. Jp.p = 1 26 Hz). 



Example 10: 2.3-blsrnhn<t phinQ^hen7nrb1thioDhenfi- 



PH2 




S 



in a flask, a solution of LiAIH^ (3.2 g. 88 mmol) is prepared under an inert atmosphere in 150 
ml of dry THF (inhibited quality; Aldrich. Buchs. Switzerland). The solution is heated to reflux 
and then a solution of 2.3-bis(dlchlorophosphino)-benzotb]thiophene (9.75 g. 29 mmol) in 
THF (100 ml) Is added slowly via a dropping funnel. When the addition is complete the reac 
tion mixture is hydrolysed by careful addition of water (dropwise!) via the dropping funnel 
When the hydrolysis is complete, the aluminium hydroxide is allowed to settle and then the 
supernatant is carefully transferred via a cannula into another flask. The residue is slurried 
with pentane (ca. 150 ml) and the aluminium hydroxide is allowed to settle. The supematant 
.s again transfened as described into the flask containing the THF-solution. Removal of the 
solvent and distillation of the residue results in 3.7 g of the title compound as a colourless oil 
bp. 91 -C/0.09 mbar (65.5 0/0 yield). ^H-NMR (CDCI3. 300 MHz): 5 3.77 (d mult. 2H. Jp h = 
205 Hz. PH2); 4.02 (d mult, 2H. Jp.H = 207 Hz, PH2); 7.26-7.40 (m. 2H. H-S. H-6); 7.68 (d 
1H. J = 7.3 Hz. H-7); 7.76 (d. 1H. J = 7.8 Hz. H-4). ^V-NMR (121 MHz. CDCI3): 6 -167 1 
150.8 (AB, Jp.p = 65 Hz). 

Example 11: 2,3-b\s\(2R,5R).7 5-dimethvl-nhn^ pho Nn-1-vn-hPn^of h]th.opH^»^ 
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• •milt 




under argon, a degassed solution of 1 .98 g (10 mmol) 2.3-blsphosphlnobenzotblthiophene 
in 30 ml ?HF is treated with 5.5 ml (1 1 mmol) of a 2N solution of LlNEt. (f«shly prepared 
fram Et,NH and 2.7 M n-BuUheptane) in THF. The resulting red solution is added to a 
Z-d scution Of the cyclic sulfate derived from (2S,5S,-2.5-hexanedio, (3. g. 20 mmoi, 
in 40 ml THF at OX. The mixture is stirred for 2 h during which time deootonzaUon can be 
Tse-d Further5.5ml(11 mmoi) of a 2N soiu«on oLlJNEt, in THF is added and stimng « 
^^ued 2 h. Then 1 1 m, (22 mmo.) of a 2N of umU in THF is added. A. the 

end of the addlOon the mixture becomes more viscous and a precipitate can «« o^"^- 
Intrstlrrlng for another 2 h at room temperature 100 m. water and 100 ml d,e«,yi ether a« 
2 d The organic layer Is removed via double e,..ed needle and the extraction « repeated 
50 m, Of diethyl ether. The ether layer is removed as titte 
organic layers are dried over sodium sulfate and evaporated y,eld.ng 1 .91 g (53 ^) of the trtle 
compound as a pale yellow oil. 

M NMR (CDCU. 300 MHz): 0.82. 0.95. 1 .22. 1 .30 (mul«pte«s. 4 CH3); 1 .40-1 .90 (mu.«p.etts. 
3 CH. 4 CHz). 3.30 (m. CH); 7.18-7.40 (m. 2HV. 7.95 (m. 2H). 

"P NMR (CDCi,. 122 MHz): -3. -5 (2 X d. J = 162 Hz). 

... ^ .0- 2.3-blr r r" I " ■^i°'Hvl-nh--nhnhn i.,^>hen7ntWthi°Ptiene 
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In analogy to Example 11, the cyclic sulfate derived from (3S.6S)-3.6-octanediol is reacted 
with 2,3-bisphosphinoben2oIb3thiophene to give the title compound in 48% yield. 

'H NMR (CDCIa. 300 MHz): 0.80-1.05 (m, 12 H); 1.20-1.40 (m. 6H); 1.62-1.75 (m, 6H); 1.95, 
2.18, 2.38, 2.56 (4 multipletts. 4x2H); 7.30, 7.79 (2 multipletts. 2x2H). 

^^P NMR (CDCI3, 122 MHz): -8. 
Example 13: 



In analogy to Example 1 1 , the cyclic sulfate derived from 1 ,6-dideoxy-3,4-0-isopropylidene- 
D-mannitol is reacted with 2,3-bisphosphinobenzo[blthiophene to give the title compound in 
22% yield. 
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^HNMR {CDC»3. 300 MHz): 0.85-1.54 (multiplett. 24H); 2.67-3.10 (multiplett. 4H); 4.30 
(multtpletl. 2H); 4.80. 5.10 (multipletts. 2x 1H); 7.05 (multipJett. 2H); 7.50 (d. J = 8.1 Hz. 1H); 
7.83 (d. J = 8.2 Hz. 1H). 

'V NMR (CDCI3. 122 MHz): 38. 40 (d). 



n.o^ P». 1A- 12 a.b ' Mf^'^ ^pur5-dime * W'-"'-»^">^°'^"-1->^l^t^^"^"th'opheneH1.5-cYcloocta- 
H,.n^ Vrhnriiumn v °'^^«"^rnhorate: TRh (COD) (SyMe-ButiPhanelBF, 
A 50 ml schlenk flask is charged with 0.861 g (2.77 mmol) of [Rh(COD)acacl and 5 ml of 
THF A solution of 1.000 g (2.77 mmol) of the ligand (Example 5) and 0.450 g (2.77 mmol) of 
HBF..OEt. which has been made up to 5 ml with THF is added to the vigorously stirred 
solution at 65 »C. After about 2/3 of the ligand/acid solution has been added, the catalyst 
starts to precipitate, and this is intensified by very slowly adding about 7 ml of tert-butyl- 
met^w^e^he7to ^action-mi)dure:-The-mi^^^^^^^ allowed to cool to ambient tempe- 
rature and the catalyst is then filtered off using a Schlenk filter. After washing with 10 ml of a 
mixture of THF/TBME (4:6 v/v). and drying in vacuum. 1.018 g of the title compound are ob- 
tained in the fom, of orange crystals (55.6 % yield): ^H-NMR (CDCI3. 300 MHz. assignments 
for phospholane Aor B by ID-TOCSY): 5 1.16 (dd. 2H. ^Jh.h = 6.5 Hz. ^Jp.h = 15-0 Hz. A- 
CH3);1.27 (dd. 3H. ^J„.H = 7.0 Hz. ^Jp.h = 15.5 Hz, B-CH3); 1-50 (dd. 3H. Jh.h = 7.0 Hz. Jp.h 
- 18.7 HZ. A.CH3); 1 .59 (dd. 3H. %.h = 7.3 Hz. %.h = 18.7 Hz. B-CH3); 1 -67 (m A). 1 .92 
(m B)- 2.22 (m. A); 2.25-2.60 (m. B); 2.40-2.75 (m. COD-CH,); 2.50-2.78 (m, A); 2.80 (m 
B) ' 3 26 (m A); 4.97. 5.25. 5.58, 5.80 (4 br s. 1 H each. COD-CH); 7.56 (br tr. 1H): 7.61 (br 
' 1H)- 7 98 (d. 1H. J = 7.6 Hz); 8.04 (d. 1H. J = 8.2 Hz. ary. H). ^V-NMR (CDC.3. 121.4 
MHZ) 5 64.23 (ABX). %.p = 25.1 Hz. Jp.^ = 149.3 Hz). 64.38 (ABX. Jp.«h = 147.7 Hz). 

Cvcn^niP 15: [2.? -^'^( (^-^ .^.<,v2.5-d -.-^H y'-nhn.nhnlan-1 ynhenrothiopheneVfl .S-cyclo- 
....Hi.npVrhodi -^ C)t^trnfl"»roborate fRh (COD) (S)-Ft-ButiPhanelBF. 

A 50 mL Schlenk flask was charged with 0.861g (2.77 mmol) of [Rh (COD) acac] and 5 mL 
of THF TO the vigorously stirred solution was added dropwise at 65»C a solution of 1.000 g 
(2 77 mmol) of the ligand and 0.450 g (2.77 mmol) of HBF.-OEt, which had been made up 
to' 5 mL with THF. When ca. 2/3 of the ligand/acid solution had been added, the catalyst 
started to precipitate. When very slowly ca. 7 mL of TBME was added to the reaction 
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mixture. the crystallisation of the product went to completion. After cooling to ambient 
temperature the catalyst was filtered off using a Schlenk filter, and washed with 10 mL of a 
mixture of THFH-BME (4:6 v.v). Drying in vacuum gave 1.018 g of orange crystals (55 6o/o 
yield). ^H-NMR (CDCI3. 300 MHz) 5 0.87. 1.00. 1.01. 1.14 (4 tr. 3 H each. J = 7.3 Hz 4 CHa)- 
1.27-1.43 (m, 2 H). 1.43-1.67 (m, 4 H); 1.78-2.17 (m. 7 H); 2.30-2.73 (m. 14 H) 2 99-3 17 
(m. 1 H. CHP); 4.73-4.83. 5.02-5.13. 5 45-5.53. 5.66-5.76 (4 m. 1 H each. COD-CH)- 7 46- 
7.58 (m. 2 H. H-5. H-6); 7.90. 7.96 (2 d. 1 H each. J = 8.1 Hz each. H-4. H-7). "C-NMR 
(CDCI3. 75 MHZ) 5 14.61 (dd. J = 2.6 Hz. J = 5.9Hz). 14.69 (dd. J = 2.1 Hz J = 5 1 Hz) 
15.74 (dd, J = 3.1 Hz. J = 8.4 Hz). 16.25 (dd. J = 3.4 Hz. J = 8.7 Hz) (4 CH3): 22.84 (s)' 
23.90 (s). 26.46 (d). 27.55 (d) (4 CH2CH3); 28.72 (s). 28.81 (s). 32.96 (s). 33.02 (s) (4 COD- 
CHa); 33.46 (s), 34.54 (d). 34.69 (s). 34.88 (s) (4 phospholane CH,); 44.29 (m), 45 18 (m) 
46.77 (m). 53.50 (m) (4 ABX CHP); 91.24 (m). 93.99 (m); 104.13 (m); 108.45 (m) (4 ABX 
COD-CH); 124.85 (s). 124.87 (s) (C-4. C-7).- 126.31 (s). 127.04 (s) (C-5. C^); 135 66(m)- 
143.21 (m); 150.47 (d); 152.90 (m) (C-2. C-3. 0-8. C-9). -P-NMR (CDCI3. 121 MHz) 5 56.16 
(AB. Jp.p= 23 Hz, Jpi.Rh =145.7 Hz). 56.28 (AB, Jp2j^ = 147.7 Hz). 



Example 16: 1-Methvl-2-phenvl-bisrdi phenvlDho.^ p hin)imida?r»l 



X 
Ph 



To a solution of 1-methyl-2-phenyl-4,5-dliodoimidazol (1.0 g. 2.44 mmol) int THF (40 
mL) was added at ambient temperature Isopropyl magnesium chloride (2.44 mL 2 N- 
solution. 4.88 mmol). The mixture was then stirred for 3 hours (ambient 
temperature), and during this time a yellow solution formed. The mixture was coofed 
with an ice bath, and then diphenyl chlorophosphine (1.18 g. 5.37 mol) The mixture 
was allowed to stir for another hour, and then was the solvent removed on the 
rotavapor. The residue was crystallized from ethanol to give 1 2 q (93%) as 
colourtess solid. 'H-NMR (CD2CI2. 500 MHz) 5 3.33 (s, 3 H. CHg)- 7 27-7 30 ^m 6 H 
PPh2 ortho-H. PPh2 para H); 7.32-7.35 (m. 6 H. PPh^ orthc^S^ PP^/para 
7.42 (m. 4 H. PPh^ meta-H); 7.43-7.46 (m. 3 H. Ph mIta-H. pa;a ^8-7.52 (m 4 

34 93 (CH3?"12^^2^^^^^^^^^ "^"^^^ ^^5 MHz)' 6 

^4.93 (CHS). 128.280 (d, Jc.p = 6,7 Hz, PPhg ortho-C); 128 393 fPP, nara-PV 

28.70 (PPh2 para-C): 128.77 (Ph ortho-C); I2I.98 (d, J = 6 HrPPh, ortho C^^^^ 
129.44 (Ph para-C); 129.52 (Ph meta-C); 132.43 (d j = 18 Hz' PPh' mete C •' 

34.10 (d. J = 19 Hz. PPh2 meta-C). ^V-NMR (CD^Cb, 202 MHz^'s -33 16 ?8?7 
(AB. JP,P = 76.6 Hz). MS (El. K*) m/z 526.7 (M^ 71.1 % ^ '^^'^^ 
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c.o^ p.» 17- Hvdron --«"" with thP catalyst from Example 14: 

Using the catalystfrom Example 14. the following hydrogenation results are obtained .n 
methanol as solvent (the enantiomeric excess was detem^ined by chiral HPLC. 




*j absoluti configuration 01 prevailing product not aeiermin^a 



B«mEleJ8: U2R.2'R.5R,5'R)-2.3-b.sl2.5.dimethylphospholan.1-yI)]- 
benzo[blthlophene]norbornadiene.rhcdlum(l)tetrafluoroborate 

374 mg (1.00 mmol) [Rh(NBD)a]CU is added to a degassed solution of (2R.2'R.5R.5'R)-2.3- 
bls[2 5-dimethylphospholan-1-yl)]-benzo[b]thiophene (380 mg. 1.05 mmol) .n 5 ml 
d c^lTeLne and s^^^^^^^ 2 hours. The solvent is removed .acuo and the res.due 
J^she^our times with 5 ml diethylether to yield the title complex as an orange sol.d (y.e,d 

76%). 
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^'P NMR: 63 (multiplett) 



Example 19: [(2R.2'R,5R,5'R)-2,3-bis[2,5-diethyIphospholan-1-yI)]. 
benzo[b]thiophene]norbornadiene-rhodiunn(l}tetrafluoroborate 

In the same manner as in Example 18. (2R,2'R,5R.5'R)-2,3-bls[2,5-diethylphospholan-1-yl)]- 
benzo[b]thiophene (439 mg. 1.05 mmol) is reacted with 374 mg (1.00 mmol) [Rh(NBD)2lCl2 
to give the title complex as an orange solid (yield 66%). 

^^P NMR: 40 (multiplett) 



Example 20: [[(2S,3S,4S,5S)-Butiphane-Rophos]Rh(NBD)]BF4 



In the same manner as in Example 18, (2S,3S,4S,5S)-Butiphane-Rophos (532 mg, 1.05 
mmol) is reacted with 374 mg (1.00 mmol) [Rh(NBD)2jCl2 to give the title complex as an 
brownish solid (yield 70%). 

NMR: 40 (multiplett) 
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>»ih=.t IQ riaimed is: 

1 A process for the manufacture of compounds of the formulae lA or llA, 



>-Y*-^^* OA) 



-4 




T-T- and Y,~ are. Independently of each other, an element of the fifth group of the 
plriodlc table of elements as such or in thioxo or oxo fon., with the proviso ma. in formula ^ 
lA. Y.- is P(=0), preferably P(=S) or more preferably phosphorus (P), and .n formula IIA Y. 
and Y,~ are P(=0). preferably P(=S) or more preferably P; 

z • Z - Z3« Z.- Z,~ and Z," are. Independently of each other, halogen or any organic 
,«id,L'capable"of binding to an element of the fifth group of me periodic table of eten,e,,ts 
as such or in thioxo or oxo form; or -N(Qh«»hereln Q is unsubstituted or subsftuted alkyl or 
wherein N(Q)a fom« an unsubstituted or substituted heterocyde optionally containing former 
heteroatoms; or hydrogen; 

^1 or an Of the pairs (1) Z,' and Z,. ,i.) Z,' and Z.'. and (iii, zr and Z.- form bndges. or 
one or all of the pal,, (i) Z.' and Z,'. (ii) Z,' and Z,-. P) Z,' and Z,-and Z, and Z. 
°1 bridges, while me residues f,.m Z,-. Z,'. Z,'. Z,'. Z." and Z^, as far as they are not 
involved in bridge fonnation, are as defined above; 



X, Is NR. O or S; 
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XaisCHRi orCRi; 

Xs is CHR2 or NR2 or, if is CR,, X3 is CRg or N; 

or additionally, for compounds of formula IIA for tine ring system attached to Yi*. X3 is NR, O 
or S and Xi is CHR2 or NR2 or, if X2 is CRi, X, is CR2 or N; 

R, Ri and R2, independently of each other, are hydrogen or an unsubstituted or substituted 
moiety selected from the group consisting of all^yl. aryl, cycloalkyi, heterocycJyI. aryl-lower 
alkyi, cycloalkyl-iower alkyi and heterotydyl-lower alkyi or 

Ri and R2 together fonn an annealed unsubstituted or substituted mono-, bi- or polycyclic 
ring system; 

characterized in that, for the manufacture of a compound of the formula lA, a compound of 
the formula IIIA, 



wherein the moieties have the meanings given above under fonnulae lA and IIA, is reacted 
with an organolithium compound to the con-esponding ortho-lithiated derivative of the 
formula IVA, 





Y,* N(Q)2 



(IVA) 
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Wherein M is lithium, and me omer moie«es are as defined for compoi^nds of *e formulae 
Z: if desired, trans-n,e.ai,a«ng me compounds ^ M = U info other metailates where,n M 

is a different metal or a metal halide; 

(aT 'tr the preparation of compounds of the formulae lA a compound of the fomnula IVA is 
reacted with a compound of the formula V. 

L-Y2*(Z3*)(Z4*) (V) 

wherein Y.* Z3* and Z.* have the meanings of the corresponding moieties in fonmulae 
IA; and L is a leaving group, especially halogen; to the conresponding compound of 
formula lA*. 




(lA*) 



wherein the moieties have the meanings given for compounds of the formula lA; wh.ch 
compounds fall under the definition of formula IA; and. if desired, a resulting compound 
of the fomnula IA is converted into a different compound of formula lA. and/or a mocture 
of isomers of a compound of the formula lA is separated into the individual isomers; or 

(b) for the preparation of a compound of the formula llA. a compound of the formula IVA. 
is oxidatively dimerized to a corresponding compound of the fomiula IIA*. 
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m)2 



(IIA*) 



\ 

N(Q)2 



wherein Y,* and Y/*, independently of each other, are P(=S). preferably P(=0) or 
more preferably P, Q, X,, and X3 have the meanings given for compounds of the 
fomiula IIA; which compound falls under the definition of formula IIA; and, if desired, a 
resulting compound of the fonnula MA is converted into a different compound of for- 
mula IIA. and/or a mixture of isomers of a compound of the formula IIA is separated 



(c) for the preparation of a compound of the formula IIA, where X3 is NR. O or S and Xi is 
CHR2 or NR2 or . if X2 is CR,, X, is CR2 or N for the ring system attached to Y,*; a two- 
step protocol involving a Suzuki or Negishi type coupling is used where half a mole of a 
compound of the formula IVA is transformed to a compound of the fomiula IVA* 



where M* is I or Br for a Negishi type coupling or M* is B(R3)2. where R3 Is alkyi or 
preferably OH. for a Suzuki type coupling; 

to give when reacted with half a moJe of compound IVA the corresponding compound 
of formula IIA*; which compound falls under the definition of fomiula IIA; and, if desi- 
red, a resulting compound of the formula IIA is converted into a different compound of 



into the individual isomers; or 



/N(Q)2 
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' V ,on™.a MA, and/or a mixh,. o, Isomers of a compound of the formula I.A Is separated 
into the individual isomers. 

2. A process according to claim 1 for the manufacture of compounds of the fonnulae .A 

or IIA. as given in claim 1. v^herein preferably P; 

Y * Y * and y;-* are. independently of each other. P(-0). P(-S) or P. witn ^i P 

z . Z ' Z^* Zr and Z^ are. independency of each other, halogen or an unsubst.tuted 
Zn.Za.Z3.Z4. ^1 2 _ heterocyclyl. cycloalkyl. aryl- 

tower ancyl. hetero yy ^^^^^^^.^^ alkoxy. oycloalkyWower alkoxy and 

m J or subs«U«ed heferocycle op«ona«y coMaln-ng further he.e™a«>ms. or 
Tororalloffhe pairs 0)Z.-andZ^,(«,Z,-andZ...andCIII)ZV-ar.Z,-.orm bridges of 
any one of tt.e fom.ulae (A). (B). (C). (D). (E) and (F) 



(A)„ 




i 4. 




(A) 



(B) 



(C) 



(D) 
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(E) (F) 



wherein 

m is 1 to 5, preferably 1 to 4, more preferably 2 or 3; 

n is 1 to 6 (as chemically possible), preferably 1 or 2, or 6; 

q is 0 to 6, preferably 0 or 1 ; 

A is a substituent. where the substituent or substituents A preferably are independently un- 
substituted or substituted moieties selected from the group consisting of alkyi, aryl. lower 
-alkoxy or di-(lower alkyl)-amino. and/or two moieties A together fonn a methylendloxy or a 
Ca-CT-alkylene bridge that are unsubstituted or preferably substituted (especially by lower 
alkyI); or pairs of substituents A together with the binding carbon atoms fomi an 
unsubstituted or substituted annelated ring; or in formula (B). if m is 2 to 5, pairs of 
substituents A together with the binding carbon atoms form an unsubstituted or substituted 
annelated ring; or in formula (C). pairs of substituents A together with the binding carbon 
atoms form an unsubstituted or substituted annelated ring; 
X4 is. independently of each other, O or NR5; and 

R5 is independently hydrogen or an unsubstituted or substituted moiety selected from the 
group consisting of alkyl. aryl. cycloalkyl. heterocyclyl. aryl-lower alkyl. cycloalkyl-lower alkyI 
heterocyclyl-lower alkyl, SO2R, SO3R, SO2NR, C(=0)R. C(=0)OR and C(=0)NR; 
while the residues from Z,*, Z2*. Z3*. Z4*. Z,- and Zz'*, as far as they are not involved in 
bridge formation, are as defined above; 

or one or all of the pairs (i) Zi* and Z3*, (ii) Z2* and Z4*, (iii) Z,* and Z,'* and (iv) Z2* and 22'* 
fomi bridges, preferably of any one of the formulae (A). (B). (C). (D). (E) and (F) as defined 
above, 

while the remaining residues from Zi*, Z2*. Z3*, 2**, Z/* and Zi\ as far as they are not invol- 
ved in bridge formation, are as defined above; 
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Xi is NR. O or S; 
X2 is CHRi or CRi; 

X3 is CHR2 or NR2 or, if X2 is CRi. X3 is CR2 or N; 

or additior^aliy. for compounds of formu.a i.Afor the ring system attached to Y,*. X3 is NR. O 
or S and X, is CHRa or NRa or. if Xa is CR,, Xi is CRa or N; 

R R,andR2 lndependen«yof each other.are hydrogen or an unsubstituted or substituted 
^2^^^ from the group consisting of a.kyi. a^.. cycioaikyi. heterocyCyi. a...-.ower 
aikvl cycloalkyl-lower alkyi and heterocyclyl-lower aikyl or 

T^lk toglther f orm an annealed unsubs«tuted or substituted mono-, bi- or poiycyC.c 

ring system; 

characenzed in that starUng matenate having the corresponding subsUtuents ^ used. 
3. A process accorxiing to claim 1 or 2 for the manufacture of a compound of me formula lA 
y!^X^yr are. independency of each other. P(=0). P(=S, or espeoiaa, P. «..h V,- 

preferabV ^ i„<jependen«y of each other, halogen or an unsubstltuted 

I ;ut«W«. moiety selected f,^ the group consisting of phenyl, naphthyi. pyrroBdinyi 
7.^2 1-pyno.ly.). CVC-yCoalM. Pheny.. or naphtha-lower alKyl. py.o d.nyMower 

;lt«U^ed JLr a,M or wherein N(Q), forms an unsubstKuted or substituted heterocyCe 
ooUonally containing further hetereatoms; or hydrogen; 

o^n ^1 Of the pairs (0 Z,' and Z/. 00 U and and (iii) Z,- and Z,- fom, bndges o, 

any one of the fomiulae (A). (B). (C). (D). (E) and (F) as given in claim 2. 

wherein 

m is 1 to 5. preferably 1 to 4. more preferably 2 or 3; 

n Is 1 to 6 (as chemically possible), preferably 1 or 2. or 6; 

q is 0 to 6. preferably 0 or 1 ; 
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A is a substituent selected independently from unsubstltuted or substttuted moieties selected 
from the group consisting of lower a\ky\, phenyl, naphthyl. lower alkoxy or di-(lower alkyl)- 
amino, and/or two moieties A together form a methylendloxy bridge that is substituted by 
lower alkyl. or a Ca-Cralkylene bridge, or together with the binding carbon atoms form an 
annealed benzene ring: 

X4 is, independently of each other, O or NRs; and 

R5 is independently of each other hydrogen or an unsubstituted or substituted moiety 
selected from the group consisting of lower alkyl. phenyl, naphthyl. Ca-Cio-cycloalkyl. phenyl- 
lower alkyl and Ca-Cio-cycloalkyl-lower alkyl. 

while the residues from Z/, Z^*. Z^*. Z4*. Z,'* and Zj**. as far as they are not Involved in 
bridge formation, are as defined above; 

or one or all of the pairs (i) Z,* and Z3*. (ii) Z2* and Z4*. (iii) Zi* and Z,'* and (Iv) Z2* and Zz"* 
form bridges, preferably of any one of the fomiulae (A). (B). (C). (D). (E) and (F). as defined 
above, 

while the remaining residues from Zi*. Zz*. Z3*. Z4*. Z,'* and Zg**, as far as they are not 
involved in bridge formation, are as defined above; 

Xi is NR, O or preferably S. 

Xz is CHRi or CRi; 

X3 is CHRz or NR2 or. if Xz is CRi . X3 is CRz; 

or additionally, for compounds of formula IIA for the ring system attached to Yi*. X3 is NR, O 
or preferably S and Xi is CHRz or NRz or. if Xz is CRi. Xi is CRz; 

R is hydrogen or an unsubstituted or substituted moiety selected from the group consisting 
of lower alkyl. C6-C,4-aryl, Ca-Cio-cycloalkyI, pynolidinyl-lower alkyl. (Ce-C^-aryO-lower alkyl, 
(C3-Cio-cycloalkyl)-lower alkyl and pyn-olidinyl-lower alkyl; and 

Ri and Rz together form annealed unsubstituted or substituted phenyl or naphthyl ring; 
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-substituted-, wherever used for a moiety, n^aning that one or more hydrogen a.orr,s m the 
Is^Ie molecule, espeda.^ up .o 5. mo« especially up to *„ae. o, the hydrogen a on^ 
rreplaced by me corresponding number of subs«.uen.s which are Independent^ selected 
rr.^e group consisting of alKyl, especially lower alM. for oKample methyl, amy. or propyl, 
Irotl amyl. for e=.mp,a trtftuor^methyl, CVCraryi. espedally phen>. or naph«,y. 
^ZlTc -aryl especially phenyl or napthyl, is unsubsdtuted or substituted by one or 
ires^l to leeLeOes sele^ed from halogen, carboxy, lower alkoxycarbony.. 
more, espe y alkanoytoxy. lower alkanoyl. amino. N- 

r::K::::nr."NlZ.a..amlno^ .,Hen..,oweral«,N b^^^^^^^^^^ 
aW,-am no lower alKanoylamino, fluoro-lower alM. e.g. trifluoromethyl and sulfo). ^C..- 
c *X h;dro><y, lower aiKoxy. for exempt methoxy, phenyHdwar alKoxy lower al« 
oraIoN-loIra,Man™»,N,N*lowerall<ylamino.N.pheny^loweralKylam,no.N^^^ 

ZZXer alKylVamino. lower alKanoylamino. carbamoyHcwer alKoxy. M-.ower a^cyi- 
calloyl-lower alkoxy or N.N^Mower all<^.bani»yl-lower alkoxy. amino. 
^aSam-i.^KSv^X^oylamlno, ca*oxy,.lowar-an.oxycarbo„y., phenyK naph.hy.-or 
Z iXer alkoxycarbonyl. such as ben.yk.xycarbonyl, lower ^y'- ^"^'^' 

ZeLfonyl for example methanesulfonyl (CH3-S(0)2-). Phosphono (-P(=0)(0H)2), 
:;Zt:r Ixy phLpho,. « alKoxypi^sp,^. ca*amoyl. mono- or di-lower 

alkylcartamoyl. sulfamoyl and mono- or di-lower alkylaminosulfonyl: 

cnaracterlzed in ««. starting material having a,e corresponding substttuents am used. 

4. A pn^cess according to any one of claims t to 3 tor the manufactu,« of any one of the 
following compounds that fall under formula lA: 




where 

t is 0 to 4 (as chemically possible), preferably 0 or1, 
q is 0 to 6, preferably 0 or 1 ; 

T, independently of each other, is alkyi, especially lower alkyi; 

Re, independently of each other, is lower alkoxy, lower alkoxyalkyi or hydrogen; 
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A* is lower alkyl. or (if t equal or more than 2) two A* together with the bindir^g carbons form 

an annelated benzo ring; 

and Hal is halogen, especially chloro; 

characterized in that starting materials having the corresponding substituents are used. 
5 Compounds of the formula IIIA, 

^(Q)2 

(HIA) 

wherein Q. Y.*. X,. Xa and X, have the meanings given above under fom^ulae .A in any one 
of claims 1 to 4. 

6 A compound of the fomiula (I) or (II). 



^1 



Z4 




wherein 
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Yi, Y2 and Yi' are. independently of each other, an element of the fifth group of the periodic 
table of elements as such or in thioxo or in 0x0 form; with the proviso that in formula I, Yi is 
P(=0), P(=S) or P. and in formula II, Yn and Yi' each are P(=0). P(=S) or P; 
Zi, 22, 23, 24, 2/ and are, independently of each other, halogen or any organic residue 
capable of binding to an element of the fifth group of the periodic table of elements as such 
or in thioxo or 0x0 fomi; preferably an unsubstituted or substituted moiety selected from the 
group consisting of aryl, heterocyclyl, cycloalkyi, aryWower alkyi, heterocyclyHower alkyi, 
cycloalkyl-lower alkyl. alkyi, aryloxy, heterocyclyloxy. cycloalkoxy, aryl-lower alkoxy, 
heterocyclyl-lower alkoxy. cycloalkyl-lower alkoxy and alkoxy; or -N(Q)2 wherein Q Is 
unsubstituted or substituted alkyl or wherein N(Q)2 forms an unsubstituted or substituted 
heterocycle optionally containing further heteroatoms; or hydrogen; 

or one or all of the pairs (i) 2i and 22. (ii) 23 and 24, and (iii) 2i' and Zz' form bridges, or one 
or all of the pairs (i) 2i and 23, (ii) 22 and 24. (iii) 2i and 2i' and (iv) Z2 and Z2' form bridges, 
while the residues from 2i, 22, Z3, 24, 2i' and 22'. as far as they are not involved in bridge 
fomiation. are as defined above; and with the proviso that in fomiula II. 2i and Z2 are other 
than aryl. substituted aryl, linear, branched or cyclic alkyl If the heterocycle attached to Yi is 
the same as the heterocycle attached to Yi'; 

XiisNR. Oor S; 

X2 is CHRi or CRi; 

Xs is CHR2 or NR2 or, if X2 is CRi, X3 is CR2 or N; 

or additionally, for compounds of formula IIA for the ring system attached to Yi, X3 is NR, O 
or S and Xi is CHR2 or NR2 or, if X2 is CRi, Xi is CR2 or N; 

R, Ri and R2, independently of each other, are hydrogen or an unsubstituted or substituted 
moiety selected from the group consisting of alkyl, aryl, cycloalkyi. heterocyclyl, aryl-lower 
alkyl, cycloalkyl-lower alkyl and heterocyclyl-lower alkyl or 

Ri and R2 together form an annealed unsubstituted or substituted mono-, bl- or polycyclic 
ring system. 

7. A compound according to claim 6 of the formula I or II, wherein 
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Y Y. and Y,- are. independently of each other. P(=0). P(=S) or especially P; 
z" Z Z Z4 Z/ and Z.' are. independently of each other, halogen or an unsubstituted or 
subsmuted moiety selected from the group consisting of aryl. heterocyclyl. cycloalkyi a.^!- 
lower alM. heterocyciyi-iower alkyi. cycloa.kyl-lower alkyl. alkyl. aryloxy. heterocyc.ylo>^. 
cvcloalkoxy aryl-lower alicoxy. heterocyclyl-lower alkoxy. cycloalkyl-lower alkoxy and alkoxy. 
, or -N(Q). wherein Q is unsubstituted or substituted alkyl or wherein N{Q)a forms an 
unsubstiluted or substituted heterocycle optionally containing further heteroatoms; or 

0™;.. of the pairs (i) Z. and Z. (ii) Z3 and Z. and (ill) ZV and Z.' form bridges of any 
one of the fomiulae (A). (B). (C). (D). (E) and (F) 



(A)n 




(A) 



(A)n 



(B) 




(C) 



(D) 



(A)a 



R5 1 




-N. 



(E) 



(F) 



wherein 

1 to 5. preferably 1 to 4. more preferably 2 or 3; 



rn IS 
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n Is 1 to 6 (as chemically possible), preferably 1 or 2, or 6; 
, ' q is 0 to 6, preferably 0 or 1; 

A Is a substituent. where the substltuent or substituents A preferably are independently un- 
substituted or substituted moieties selected from the group consisting of alkyl. aryl lower 
alkoxy or dHIower aIkyl)-amlno. and/or two moieties A together fomi a methylendioxy or a 
C3-C^alkylene bridge that are unsubstltuted or preferably substituted (especially by lower 
alkyl); or pairs of substituents A together with the binding carbon atoms form an 
unsubsfrtuted or substituted annelated ring; or in fomiula (B). if mis 2 to 5 paire of 
substituents A together with the binding carbon atoms form an unsubstltuied or substituted 
annelated ring; or in formula (C). pairs of substituents A together with the binding carbon 
atoms form an unsubstituted or substituted annelated ring; 
X4 is, independently of each other, O or NRs; and 

Rs is independently hydrogen or an unsubstltuted or substituted moiety selected from the 
group consisting of alkyl. aryl. cycloalkyl. heterocyclyl. aryl-lower alkyl. cycloalkyWower alkyl 
heterocydyl-lower alkyl. SO,R, SO3R. SO^NR. C(=0)R, C(=0)OR and C(=0)NR- 
while the residues from 2. 2.. Z.. Z.. Z.' and 2.'. as far as they are not involved ^n bridge 
formation, are as defined above; 

or one or all of the pairs (i) 2, and 23. (ii) Z, and 2,. (iil) Z, and Z,' and (iv) Z. and Z.' forni 
bndges. preferably of any one of the fomiulae (A). (B), (C). (D). (E) and (F) as defined 

above, 

while the remaining residues from 2,. Z3. Z,. Z.. Z,' and Z.'. as far as they are not Involved In 
bridge formation, are as defined above; 

XiisNR, OorS; 

X2 Is CHR, or CR,: 

Xa is CHR2 or NR2 or. if X2 is CR,. X3 is CR2 or N; 

or additionally, for compounds of formula IIA for the ring system attached to Y,. X3 Is NR O 
or S and Xi is CHR2 or NR2 or. if X2 Is CRi, Xi Is CR2 or N; 
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R R, and R3. independent of ea* other, are hydrogen or an unsubstituted or substrtuted 
^'oiety selected fron. the group consisting of alkyl. aryl. oydoalky.. heterocyclyl. aryl-lower 

alkyl,cydoalkyWov«ralMan<lt«««™=l^-l°^''^'''i^" . , 

R, and R3 together fom, an annealed unsubstituted or subs«tuted mono-, bi- or pc^<^ 

ring system. 

8 A compound of me fom-ula I or M according to any one of claims 6 an 7. wherein 

y'y3 and Y,' are, independently of each other. P(=0).P(=S) or especially P; 

z Z Z Z4 Z,' and Z^' are. independently of each other, halogen (especially where Y,.Y. 

and/or Y/ Is'p) or an unsubstituted or substituted moiety selected from the group consisting 
of phenyl, naphthyl. pym>lidinyt (especially 1^>ynolldinyi). C-C.cycloaM. phenyl- or 
naphtha-lower alkyl. pyrrolldlnyl-lower allcyl. Ca-Cr-^cloalkyWower alkyl and lower alkyl; or - 
N(L wherein Q is unsubstituted or substituted lower alkyl or wherein N(Q)a forms an 
unsubstituted or substituted heterocyde oplionaily containing further hetsroatoms; or 
hydrogen; 

or (less preferably) one or all of the pairs (1) Z, and Z.. (ii) Z, and A. and (ill) Z,' and ZJ. or 
zl "and Z. forr); bridges of any one of the fomn.lae (A), (B). (C). (D), (E) and (F) g,ve„ ,n 

claim?, 
wherein 

m is 1 to 5. preferably 1 to 4. more preferably 2 or 3; 
n is 1 to 6, preferably 1 or 2, or 6; 

a is 0 to 6, preferably 0 or 1; . x- , * ^ 

I ,s a subsatuent selected Independently from unsubstituted or substituted mo,et,es selected 
from the group consisting of lower alkyl. phenyl, naphmyl, lower alkoxy or *('o--lM)- 
!lino and/or *vo moiet.es A together fomi a methylendioxy bndge that ,s - 
pZrably subs«tuted by lower alkyl. or a C^lkytene bridge, or together «th the b,nd,ng 

carbon atoms fomi an annealed benzene ring; 
X. is Independently of each other. O or NR,; and 

^ i'lnde^ndently for each hydrogen or an unsubst^uted or substituted mce^ selected 
L the group consisting of lower alkyl. phenyl, naphmyl. C^-Co-cydoalkyi. pyrrol,d,„yl. 
phenyl-lower alkyl, CVC^doalkyHower alkyl and pym>lidlnyl.|ower alkyl. 
lie the rescues from Z.. Z.. Za. Z.. Z,' and Z,. as far as they are not .nvCved ,n bndge 
formation, are as defined above; 
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or (less preferably) one or all of the pairs (i) Zi and Z3. (li) Z^ and Z4. (iii) 2, and Z,' and (iV) Z2 
and Z2' form bridges, preferably of any one of the fomnulae (A), (B), (C), (D), (E) and (F) as 
defined above, 

while the remaining residues from Zi, Z2. Z3. Z,, Z^ and Zi, as far as they are not involved in 
bridge fonnation, are as defined above; 
Xi is NR, O or preferably S. 

XzisCHRi orCRi; 



X3 is CHR2 or NR2 or, if X2 is CRi, X3 is CR2; 



or additionally, for compounds of fomnula IIA for the ring system attached to Yi*. X3 is NR, O 
or preferably S and Xi is CHR2 or NR2 or, if X2 is CRi, Xi is CR2; 

R is hydrogen or an unsubstituted or substituted moiety selected from the group consisting 
of lower alkyl. Ce-C^-aryl. Ca-Cio-cycloalkyI, pyn-olidinyl-lower alkyi, (Ce-Ci4-aryl)-lower alkyi, 
(C3-Cio-cycloalkyl)-lower aikyi and pyrrolidinyl-lower alkyl; and 

Ri and R2 together form annealed unsubstituted or substituted phenyl or naphthyl ring; 

"substituted", whereever used for a moiety, meaning that one or more hydrogen atoms in the 
respective molecule, especially up to 5, more especially up to three, of the hydrogen atoms 
are replaced by the corresponding number of substituents which are independently selected 
from the group consisting of alkyl, especially lower alkyl, for example methyl, ethyl or propyl, 
fluoro-lower alkyl, for example trifluoromethyl, Cs-Cie-aryl. especially phenyl or naphthyl 
(where Ce-Cie-aryl. especially phenyl or napthyl, is unsubstituted or substituted by one or 
more, especially up to three moieties selected from halogen, carboxy, lower alkoxycarbonyl, 
hydroxy, lower alkoxy, phenyl-lower alkoxy. lower alkanoyloxy, lower alkanoyi, amino, N- 
loweralkylamino. N.N-di-lower alkylamino, N-phenyl-lower alkylamino, N.N-bis(phenyl-lower 
alkyl)-amino. lower alkanoylamino, fluoro-lower alkyl. e.g. trifluoromethyl and sulfo), C3-C10- 
cycloalkyl, hydroxy, lower alkoxy, for example methoxy, phenyl-lower alkoxy, lower alkanoyl- 
oxy, amino. N-lower alkylamino, N,N-di-lower alkylamino, N-phenyi-lower alkylamino, N,N- 
bis(phenyl-lower alkyl)-amino, lower alkanoylamino, carbamoyl-lower alkoxy, N-lower alkyl- 
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carbamoyl-lower alkoxy or N.N-di-lower alkylcarbamoyl-lower alkoxy. amino, mono- or d.- 
lower alkylamlno. lower alkanoylamino. carboxy. lower alkoxycarbonyl. phenyK naphthyl- or 
fluorenyl-lower alkoxycarbonyl. such as benzyloxycarbonyl. lower aikanoyl. sulfa lower 
alkanesulfonyl. for example methanesulfonyl (CH3-S(0)2-). phosphono (-P(=0)(0H)2). 
hydroxy-lower alkoxy phosphoryl or di-lower alkoxyphosphoryl. carbamoyl, mono- or d.-lower 
alkylcarbamoyl. sulfamoyl and mono- or di-lower alkylamSnosulfonyl. 

9. A compound of the fom^ula I according to any one of claims 6 to 8. characterized by any 
one of the formulae 



P(N(T)2)2 




P(N(T)2)2 




(A*)c 




PCT/EP02/11039 



where 

t is 0 to 4 (as chemically possible), preferably 0 or1 , 
q is 0 to 6, preferably 0 or 1 ; 

T, independently of each other, is alkyl, especially lower alkyi; 

Re, independently of each other, is lower alkoxy, lower alkoxyalkyi or hydrogen; 

A* is lower alkyl. or (if t equal or more than 2) two A* together with the binding carbons form 

an annelated benzo ring; 

and Hal is halogen, especially chloro. 

10. A transition metal complex comprising a compound of the formulae I or II according to 
any one of claims 6 to 9 as ligand. 

11 . A complex according to claim 1 0, where the transition metal is selected from the group 
consisting of rhodium, ruthenium, palladium, platin, iridium, nickel and cobalt, preferably 
rhodium and ruthenium. 

12. The use of the complexes of claim 10 or claim 1 1 as catalysts for organic synthesis, 
characterized in that the complexes are used as catalysts in organic reactions. 

1 3. The use according to claim 12 of the complexes of claims 1 0 or 1 1 for asymmetrical 
catalysis, especially asymmetrical hydrogenation, preferably diastero- and enantioselective 
hydrogenation of carbonyl groups, of enamides for the synthesis of amino acids, of 
enamines, or of enol acylates; for asymmetric isomerisation reactions, especially double 
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bond isomerization reactions such as enantloselective hydrogen shifts in prochiral allyllc 
systems: for hydroformylation. hydroboration. hydrosilylation or hydrocyanation reactions. 
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